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FORTRAN PROGRAM FOR CALCULATING TRANSONIC VELOCITIES ON A
BLADE-TO-BLADE STREAM SURFACE OF A TURBOMACHINE
by Theodore Katsanis

Lewis Research Center

SUMMARY

A method has been developed to obtain a transonic flow solution on a blade-to-blade
surface between blades of a turbomachine. A FORTRAN IV computer program has been
written based on this method. The flow must be essentially subsonic, but there may be
locally supersonic flow. The solution is two-dimensional, isentropic, and shock free.
The blades may be fixed or rotating. The flow may be axial, radial, or mixed, and there
may be a change in stream channel thickness in the through-flow direction. A loss in
relative stagnation pressure may be accounted for.

The program input consists of blade and stream-channel geometry, stagnation flow
conditions, inlet and outlet flow angles, and blade-to-blade stream-channel weight flow.
The output includes blade surface velocities, velocity magnitude and direction at all in-
terior mesh points in the blade-to-blade passage, and streamline coordinates throughout
the passage.

The transonic solution is obtained by a combination of a finite-difference, stream-
function solution and a velocity-gradient solution. The finite-difference solution at a
reduced weight flow provides information needed to obtain a velocity-gradient solution.

This report includes the FORTRAN IV computer program with an explanation of the
equations involved, the method of solution, and the calculational procedure. Numerical
examples are included to illustrate the use of the program, and to show the results which
are obtained.

INTRODUCTION

Two useful techniques for calculating blade surface velocities are the velocity-
gradient (stream filament) method and the finite-difference solution of the stream-
function equation. Each has advantages and limitations. In particular, the finite-



difference solution of the stream-function equation (e.g., ref. 1) is limited to strictly
subsonic flows. The velocity-gradient methods are not limited in this way (e.g., ref. 2).
On the other hand, a simple velocity-gradient method is limited to a well-guided channel.
The purpose of the program described herein is to combine these methods so as to ex-
tend the range of cases which can be solved. Locally supersonic (transonic) solutions
can be obtained even with low-solidity blading (channel not well guided). This program
is called TSONIC (for transonic).

The TSONIC program is based on the TURBLE program (ref. 3), with the addition
of subroutines for solving the velocity-gradient equation. Therefore, the input for
TSONIC is identical to that for TURBLE, but with an additional input item to give a re-
duced weight flow factor which is needed to obtain a preliminary subsonic solution.

TSONIC obtains the numerical solution for ideal, transonic, compressible flow for
an axial, radial, or mixed flow cascade of turbomachine blades. The cascade may be
circular or straight (infinite) and may be fixed or rotating. To accommodate either
radial or axial flow with the same coordinate system, the independent variables are
meridional streamline distance and angle in radians.

' This report includes the FORTRAN IV program TSONIC with a complete description
of the input required. Numerical examples have been included to illustrate the use of
the program. Only the parts of the program which differ from the TURBLE program are
described, although the complete program listing is given.

This report is organized so that the engineer desiring to use the program needs to
read only the sections MATHEMATICAL ANALYSIS, NUMERICAL EXAMPLES, and
DESCRIPTION OF INPUT AND OUTPUT. Information of interest to a programmer is
contained in the sections DESCRIPTION OF INPUT AND OUTPUT and PROGRAM PRO-
CEDURE. -

A TSONIC source deck on tape is available from COSMIC (Computer Software Man-
agement and Information Center), Computer Center, University of Georgia 30601. The
program can be ordered by using the number of this report as identification.

SYMBOLS
A coefficient in differential eq. (4)
B coefficient in differential eq. (4)
b stream-channel thickness normal to meridional streamline, meters
m meridional streamline distance, meters, see figs. 2 and 3
R gas constant, J/(kg)(K)
r radius from axis of rotation to meridional stream-channel mean line, meters
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S streamline distance, meters
S angular blade spacing or pitch, rad
T temperature, K
t time, sec
u stream function
\' absolute fluid velocity, meters/sec
W fluid velocity relative to blade, meters/sec
w mass flow per blade flowing through stream channel, kg/sec
z axial coordinate, meters
o angle between meridional streamline and axis of rotation, rad, see figs. land 3
B angle between relative velocity vector and meridional plane, rad, see fig. 1
v specific-heat ratio
1 outer normal to region
8 relative angular coordinate, rad, see figs. 1 and 2
A prerotation, (rVe)m, metersz/sec
p density, kg/meters3
rotational speed, rad/sec
Subscripts:
cr critical velocity
in inlet or upstream
j dummy variable
le leading edge
m component in direction of meridional streamline
out outlet or downstream
r radial component
te trailing edge
z axial component
0 tangential component



Superscripts:

' absolute stagnation condition

" relative stagnation condition

MATHEMATICAL ANALYSIS

The calculations are performed in two stages. The first stage is to obtain a solu-
tion based on a reduced weight flow by the finite-difference solution of the stream-
function equation as described in references 1 and 3. For this first stage of the calcu-
lations, weight flow must be reduced sufficiently so that the flow is completely subsonic
throughout the passage.

The second stage is to obtain a velocity distribution based on the actual weight flow
by means of a velocity-gradient equation. The velocity-gradient solution requires infor-
mation obtained in the first stage. There may be locally supersonic flow.

The velocity across the width of a curved passage will vary. Hence, at the throat
of a curved passage that is choked, there will be both supersonic and subsonic velocities
across the passage width. If the weight flow is just slightly less than choking, two solu-
tions are possible, and both solutions will have both subsonic and supersonic velocities.
However, the solutions obtained by TSONIC are always the overall ""subsonic'' solution
(i.e., the velocities are always less than those corresponding to choking weight flow).

The simplifying assumptions used are those in references 1 and 3. These assump-
tions are

(1) The flow is steady relative to the blade.

(2) The fluid is a perfect gas (constant cp) or is incompressible.

(8) The fluid is nonviscous, and there is no heat transfer (therefore, the flow is
isentropic).

(4) The flow is absolutely irrotational.

(5) The blade-to-blade surface is a surface of revolution. (This does not exclude
straight infinite cascades.)

(6) The velocity component normal to the blade-to-blade surface is zero.

(7) The stagnation temperature is uniform across the inlet.

(8) The velocity magnitude and direction are uniform across both the upstream and
downstream boundaries.

(9) The only forces are those due to momentum and pressure gradient.

These assumptions are used throughout the program. The following assumption is used
only in the first stage of the calculation: The relative velocity is subsonic everywhere.
(This is accomplished by using a reduced weight flow in the first stage of the calculation.)




The flow may be axial, radial, or mixed and there may be a variation in the normal
stream-channel thickness b in the through-flow direction. Since the stream-channel
thickness can be specified as desired, a loss in relative stagnation pressure can be
accounted for by reducing b by a percentage equal to the percentage loss in relative

stagnation pressure.
The notation for velocity components is shown in figure 1. For generality, the

w2 - w2 + W}
2 w2+ w2
w2, - w2+ w

Figure 1, - Cylindrical coordinate system and velocity components,

meridional streamline distance m is used as an independent coordinate (see fig. 2).
Thus, m and 6 are the two basic independent variables. A stream channel is defined
by specifying a meridional streamline radius r and a stream-channel thickness b as
functions of m alone (see fig. 3). The variables r and b are constant functions of 6.
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Figure 2, - Blade-to-blade surface of revolution,
showing m - 8 coordinates.
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Figure 3. - Flow In a mixed-flow stream channel,

Fof the mathematical formulation of the problem the stream function is used. The
stream function u is normalized so that u is 0 on the upper surface of the lower

blade, and 1 on the lower surface of the upper blade. The stream function satisfies the
following equation (ref. 1).
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If the flow is entirely subsonic, equation (1) is elliptic. Boundary conditions for the

entire boundary ABCDEFGHA of figure 4 will determine a unique solution for u.

boundary conditions (ref. 1) are as follows:

These



Boundary segment Boundary condition

AB u is 1 less than the value of u on GH at
the same m coordinate.

BC u=20
CD u is 1 less than the value of u on EF at
the same m coordinate.
du tan Bout
DE (__) S
on out 5Tout
EF u is 1 greater than the value of u on CD at

the same m coordinate.

FG u=1
GH u is 1 greater than the value of u on AB at
the same m coordinate.
tan 8.
AH (E> - in
Min STy

For the case where there is locally supersonic flow, equation (1) is no longer ellip-
tic in the entire region, but is hyperbolic in the region of supersonic flow. (This is
discussed in chapter 14 and appendix A of ref. 4.) With a mixed-type problem like
this, an analytical solution to equation (1) probably does not exist. This is discussed in
reference 5 and means simply that there is probably a shock loss. However, the shock
loss may be so small as to be negligible in a numerical solution. In this case we are
justified in looking for a numerical solution to equation (1).

At first one may think that equation (1) could be solved by a finite-difference method
even when there is locally supersonic flow. There are, however, difficulties with this
approach. The difficulty has to do with the fact that there are two velocities, one sub-
sonic and one supersonic, which will give the same value for the weight flow parameter
pW. If a stream-function solution is obtained, we can calculate the stream-function
derivatives to obtain values of pW by using equations (2) and (3). However, if there is
locally supersonic flow, there is no easy way of telling which points should use the sub-
sonic velocity and which points should use the supersonic velocity. This is further com-
plicated by the fact that equation (1) is nonlinear and requires iteration to obtain the coef-
ficients involving the density p. Therefore, in the initial iteration the predicted values
of pW near the supersonic region will be too large, so that no velocity W can be
found to correspond to the predicted value of pW.

Because of the difficulties with the finite-difference method of solution a different
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technique is used for the case with locally supersonic flow. The method is based on the
following velocity-gradient equation:

W _AW +B (4)
o6 ,
where
2 2. d% 2
A = r° cos® p—— +sin o tan B (1 + cos B) (5a)
d_m2
is used on blade surface,
B 2
o%u au |
s 9 2 }
Asinlp |p200m 20 2w 20 +sin o tan g (1 + cos? p) (5b)

v (_51)2 m2 U
L om m 20

is used at interior points, and

B =r tan BE_VZ p2wrsina (6)

om cos f8

Equations (4) to (6) are derived in appendix A from the force equation. The quan-
tities in equations (5) and (6) are known if a solution to equation (1) is known. Therefore,
it is desired to obtain an approximate solution to equation (1) at a reduced weight flow
such that the streamlines at the reduced weight flow correspond closely to those for the
actual weight flow. If the flow were incompressible, there would be no change at all in
. the streamlines if w is reduced by the same ratio as the weight flow w. This can be
seen from equation (1), since the coefficients are constants for incompressible flow and
equation (1) does not change if w/w is kept constant. None of the quantities in equa-
tions (5) and (6) would change, except for 9W/om, which is proportional to the weight
flow w for incompressible flow. For the compressible case there will be some change
in streamline shape, and dW/am will not be strictly proportional to the weight flow.
However, for many cases, the error introduced by using quantities in equations (5)
and (6) from a reduced weight flow solution is not significant. Hence, a solution to
equation (1) can be obtained for a reduced weight flow (with correspondingly reduced w),
such that the values of 3, 8W/dm, and the partial derivatives of u can all be estimated



reasonably. More complete detail on obtaining the reduced weight flow solution is given
in appendix B. Alternate expressions for the parameter A are given since d29/dm2
is known on the blade surface, but the partials of u are known in the interior of the
region.

Equation (4) can be solved numerically along vertical line in figure 4 (i.e., con-
stant m) by using the approximate values of A and B calculated from the completely
subsonic solution. To solve equation (4) directly requires a known value of W at some
initial point, for example, the intersection of the vertical line with the lower boundary of
the region. However, the condition that determines a unique solution to equation (4) is
not a value of W at some point, but rather that continuity must be satisfied. That is,
we require that

)
[ pW cos Bbr df = w (7)
1

where 91 is the value of 9 at the lower boundary and 92 is the value of 6 at the upper
boundary. One way to satisfy equation (7) is to try some initial value of W, and then
solve equation (4), and calculate the integral in equation (7). If the value of the integral
is not equal to w, then other initial values can be tried successively, iterating until the
correct solution is obtained. The numerical solution of equation (4) is obtained by a
Runge-Kutta method as described in the description of subroutine VELGRA.

When equation (4) has been solved, subject to satisfying equation (7), the velocity
distribution is known along vertical line running from the lower to the upper boundary of
the region (fig. 4). By doing this for a large number of vertical lines, we obtain the
velocity distribution for the entire region, including both blade surfaces.

NUMERICAL EXAMPLES

To illustrate the use of the program and to show the type of results which can be
obtained, two numerical examples are given. The first example is an axial flow turbine
stator, and the other is a radial inflow turbine.

Axial Stator

This example is a stator nozzle mean blade section (fig. 5) for a turbine built at
Lewis (ref. 6). This blade section has also been analyzed by using the subsonic com-
pressible flow program TURBLE of reference 3. These results are the same as that

10
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Figure 5. - Axial stator blade for numerical example.

reported in reference 7. The design weight flow could not be analyzed with the TURBLE
program, because the velocities were too close to the sonic velocity. However, satis-
factory results were obtained with TSONIC by using a value of REDFAC = 0.8. This
means that the stream-function solution was obtained first with 80 percent of design
weight flow, then the velocity-gradient method was used to obtain the velocities at design
weight flow.

The input for this case is given in table I. The design weight flow velocities calcu-
lated by the program are given in table II. These velocities are plotted against blade
surface length in figure 6. Also shown in figure 6 are experimental data obtained from
the investigation described in reference 6. The experimental velocities shown are taken
from figure 13(b) of reference 6. Most of the velocities are in very close agreement.

11
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Figure 6. - Blade surface velocities for axial stator mean
section compared with experimental data.

Radial Inflow Turbine

An example turbine rotor profile is shown in figure 7. This is a high-specific-
speed turbine, with a specific speed of 1,01 (131 (rpm)(ft)3/4/(sec)l/2). First a meri-
dional plane analysis was made by the quasi-orthogonal method described in reference 11.
This analysis determined the meridional streamline spacing. The meridional stream-
line spacing gives the information for array BESP in the input. A preliminary solution

I Shroud
7

Flow

. $—- .

Figure 7. - Hub-shroud profile of radial turbine rotor.
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is presented here for a blade-to-blade stream channel adjacent to the shroud. The
outlet flow angle Bie is estimated based on the blade trailing-edge angle. The solution
will help decide whether the estimated value of Bie is correct.

The blade-to-blade channel is shown in figure 8. The input data for the program

C D

Figure 8. - Blade-to-blade region for radial turbine rotor.

are given in table ITII. The final velocities, based on the full weight flow, are given in
table IV. These velocities are plotted against the meridional streamline distance m in
figure 9.

Figure 9 indicates a high blade loading with moderate suction surface diffusion.
However, the blade loading probably is higher than would actually be obtained near the
trailing edge. This indicates that, most likely, less turning would be obtained than that
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figure 9. - Blade surface velocities for radial turbine
rotor.
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given as input to the program. The curves for the suction and pressure surface veloc-
ities would be made to come together at the trailing edge by reducing By e in additional
computer runs.

DESCRIPTION OF INPUT AND OUTPUT

The computer program requires as input a geometrical description in m-6 coor-
dinates of the blade surfaces, a description in m-r coordinates of the stream channel
through the blades, appropriate gas constants, and operating conditions such as inlet
temperature and density, inlet and outlet flow angles, weight flow, and rotational speed.
Figures 1 and 2 show the m-8 coordinate system for a typical blade-to-blade surface
of revolution. Output obtained from the program includes velocity magnitude and direction
at all interior mesh points in the blade-to-blade passage, blade surface velocities,
stream-function values throughout the blade-to-blade region of solution, and streamline
locations.

1 _sl6 1] 151620021 25(26 331 350% 4041 _50[51 60f61 7071 %0
TITLE

GAM AR TIP RHOIP | WITFL

BETAL BETAQ CHORDF STGRF

REDFAC DENTOL

MBI | MBO

RIl

MSP1 ARRAY
0.

THSP1 ARRAY

0. | I

RI2 ROZ OBEIR BETO2 | _ SPINOZ

MSP2  ARRAY

0. l

THSP2 ARRAY
| ] [ ] I
I I

MR ARRAY

—

RMSP  ARRAY

BESP ARRAY

BLDAT | AANDK | ERSOR | STRFN| SLCRD | INTVL

Figure 10. - Input form,
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Input

Figure 10 shows the input variables as they are punched on the data cards. There
are two types of variables, geometric and nongeometric. The geometric input variables
are shown in figures 11 and 12. All input variables are described in this section.

positive rotation
H G

Direction of
t o Spline point

rRO1
Blade surface 2 /
(lower surface) <

~ ZBETOZ(-)
PITCH, s e SBETAI
|

 Blade surface 1
(upper surface)

BETAO({-}

B

s ] 7
A forein-- THSP2
STGRF(+) <

Ll 1]

RO2 5

N 1
C BETOI1{-} D

CHORDF

Figure 11. - Geometric input variables on blade-to-blade stream surface. Angles BETAI, BETAO, BETIL, BETIZ,
BETO1, and BETOZ must be given as true angle B in degrees, not the angle as measured in m-8 plane.
Either use tan B = r d8/dm to obtain B, or measure the true angle,

Inlet of region —, Leading edge Mean Trailing edge Qutlet of
\  of biade — streamlineq  of blade— region
\ 7 1 BESP 7
\ / |
\ =
__o/_/n— —0— -2 \\

4 ! L -
A and H—~ B and G- RMSP Cand F D and E

CD-10241 o Spline point

Figure 12. - Geometric input variables describing stream channe! in meridional plane.

Further explanation of key variables is given in the section Instructions for Preparing
Input.
The input variables are as follows:

GAM specific-heat ratio
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TIP
RHOIP
WTFL
OMEGA

ORF

BETAI

BETAO

CHORDF
STGRF

REDFAC

DENTOL

MBI
MBO

NBBI

NBL
NRSP

20

gas constant, J/(kg)(K)

inlet stagnation temperature, K

inlet stagnation density, kg/meter3

mass flow per blade for stream channel, kg/sec

rotational speed, w, rad/sec (Note that w is negative if rotation is in the
opposite direction of that shown in fig. 1.)

value of overrelaxation factor to be used in the solution of the inner iteration
simultaneous equations (If ORF = 0, the program calculates an estimated
value for the overrelaxation factor. See p. 25 for discussion.)

inlet flow angle Ble along BG with respect to m-direction, deg, see fig. 11

outlet flow angle By e along CF with respect to m-direction, deg, see
fig, 11 '

overall length of blade in m-direction, meters, see fig. 11

angular 6-coordinate for center of trailing-edge circle of blade with respect
to the center of leading-edge circle of blade, radians, see fig. 11

factor by which weight flow (WTFL) must be reduced in order to assure sub-
sonic flow throughout passage (REDFAC is usually between 0.5 and 0.9.)

tolerance on density change per iteration for reduced weight flow (DENTOL
may be left blank, and the value 0.001 will be used. If trouble is exper-
ienced in obtaining convergence (i.e., the maximum relative change in
density (item 14 of the output) does not get small enough), then a larger
value of DENTOL may be used, or a smaller value of REDFAC may be
used. The value of 0.001 for DENTOL is a tight tolerance, 0.01 would be
a medium tolerance, and 0.1 would be a loose tolerance.)

number of vertical mesh lines from AH to BG inclusive, see fig. 13
number of vertical mesh lines from AH to CF inclusive, see fig. 13

total number of vertical mesh lines in m-direction from AH to DE, maxi-
mum of 100, see fig. 13

number of mesh spaces in §-direction between AB and GH, maximum of 50,
see fig. 13

number of blades

number of spline points for stream-channel radius (RMSP) and thickness
(BESP) coordinates, maximum of 50, see fig. 12




RI1,RI2 leading-edge radii of the two blade surfaces, meters, see fig. 11
RO1,R02 trailing-edge radii of the two blade surfaces, meters, see fig. 11

BETI1,BETI2 angles (with respect to m-direction) at tangent points of leading-
edge radii with the two blade surfaces, deg, see fig. 11 (These
must be true angles in degrees. If angles are measured in the
m-0 plane, (i.e., dd/dm), BETI1 and BETI2 can be obtained
from the relation tan g = r(d6/dm).)

BETO1,BETO2 angles (with respect to m-direction) at tangent points of trailing-
edge radii with the two blade surfaces, deg, see fig. 11 (These
must also be true angles in degrees, like BETI1 and BETI2.)

SPLNO1,SPLNO2 number of blade spline points given for each surface as input, max-
imum of 50 (These include the first and last points (dummies)
that are tangent to the leading- and trailing-edge radii (fig. 11).)

MSP1,MSP2 arrays of m-coordinates of spline points on the two blade surfaces,
measured from the blade leading edge, meters, see fig. 11 (The
first and last points in each of these arrays can be blank or have
a dummy value, since these points are calculated by the program.
If blanks are used, and the last point is on a new card, a blank
card must be used.)

THSP1, THSP2 arrays of 0-coordinates of spline points corresponding to MSP1
and MSP2, radians, see fig. 11 (Dummy values are also used
here in positions corresponding to those in MSP1 and MSP2.)

MR array of m-coordinates of spline points for stream-channel radii
and stream-channel thickness, meters, see fig. 12 MR is
measured from the leading edge of the blade. These coordinates
should cover the entire distance from AH to DE, and may extend
beyond these bounds. The total number of points is NRSP.)

RMSP array of r-coordinates of spline points for the stream-channel radii,
corresponding to the MR array, meters, see fig. 12

BESP array of stream-channel normal thicknesses corresponding to the
MR and RMSP arrays, meters, see fig. 12

The remaining variables, starting with BLDAT, are used to indicate what output is
desired. A value of 0 for any of these variables will cause the output associated with
that variable to be omitted. A value of 1 will cause the corresponding output to be
printed for the final iteration only; 2, for the first and final iterations; and 3, for all
iterations. Care should be used not to call for more output than is really useful. The
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following list gives the output associated with each of these variables:

BLDAT

AANDK

ERSOR

STRFN
SLCRD
INTVL

SURVL

all geometrical information which does not change from iteration to iteration
(i.e., coordinates and first and second derivatives of all blade surface
spline points; blade coordinates, blade slopes, and blade curvatures where
vertical mesh lines meet each blade surface; radii and stream-channel
thicknesses corresponding to each vertical mesh line; m-coordinate, stream-
channel radius and thickness, and blade surface angles and slopes where
horizontal mesh lines intersect each blade; and ITV and IV arrays, internal

variables describing the location of the blade surfaces with respect to the
finite difference grid)

coefficient array, constant vector, and indexes of all adjacent points for each

point in finite-difference mesh (This information is needed for debugging
the program only.)

maximum change in stream function at any point for each iteration of SOR
equation (eq. (A8), ref. 1)

value of stream function at each unknown mesh point in region
streamline 6-coordinates at each vertical mesh line, and streamline plot

velocity and flow angle at each interior mesh point for both reduced and actual
weight flow

m-coordinate, surface velocity, flow angle, distance along surface, and
W/Wcr based on meridional velocity components where each vertical mesh
line meets each blade surface; m-coordinate, surface velocity, flow angle,
distance along surface, and W/Wcr based on tangential velocity components
where each horizontal mesh line meets each blade surface; plot of blade
surface velocities against meridional streamline distance, meters

Instructions for Preparing Input

It is very unusual to have no errors of input the first time TSONIC is run. There-
fore, it is recommended that the first attempt should allow only 1 minute of execution
time and that BLDAT should be equal to 1. The resulting output should be checked care-
fully. Of particular interest are the second derivatives at input spline points. Any
errors in blade geometry input will usually result in wild values for some of these sec-
ond derivatives. All other preliminary output should be checked to see that it is reason-

able.
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Units of measurement. - The International System of Units (ref. 8) is used through-
out this report. However, the program does not use any constants which depend on the

system of units being used. Therefore, any consistent set of units may be used in pre-
paring input for the program. For example, if force, length, temperature, and time
are chosen independently, mass units are obtained from Force = Mass X Acceleration.
The gas constant R must then have the units of force times length divided by mass
times temperature (energy per unit mass per degree temperature). Density is mass per
unit volume, and weight flow is mass per unit time. Output than gives velocity in the
chosen units of length per unit time. Since any consistent set of units can be employed,
the output is not labeled with any units.

Blade and stream-channel geometry. - The upper and lower surfaces of the blade
are each defined by specifying three things: leading- and trailing-edge radii, angles at
which these radii are tangent to the blade surfaces, and m- and 6-coordinates of sev-
eral points along each surface. These angles and coordinates are used to define a cubic
spline curve fit (ref. 9) to the surface. The standard sign convention is used for angles,
as indicated in figure 11.

A cubic spline curve is a piecewise cubic polynomial which expresses mathematically
the shape taken by an idealized spline passing through the given points. Reference 9
describes a method for determining the equation of the spline curve. Using this method,
few points are required to specify most blade shapes accurately, usually no more than
five or six in addition to the two end points. As a guide, enough points should be spec-
ified so that a physical spline passing through these points would accurately follow the
blade shape. This means that the spline points should be closer where there is large
curvature and farther apart where there is small curvature. As a check, the program
should be run for 1 minute of execution time with BLDAT = 1 for any new geometry.
Check the second derivatives at the spline points to see that they are reasonable. Also
check blade curvatures at vertical mesh lines.

The coordinates for either surface of the blade are given with respect to the leading
edge, with the leading edge of the blade being defined as the furthest point upstream (see
fig. 11).

The mean stream surface of revolution (as seen in the meridional plane, fig. 12) and
the stream-channel thickness are also fitted with cubic spline curves. The m-
coordinates for the mean stream surface are independent of the m-coordinates for the

blade surface.

Loss of relative stagnation pressure. - If desired, a simplified correction for losses
can be made by assuming a loss in relative stagnation pressure. This type of loss can
be accounted for by reducing each value in the BESP array by a percentage equal to the
assumed percentage loss in relative stagnation pressure at that point.

Inlet and outlet flow angles. - The values of Ble and Bte are given as average
values on BG and CF, respectively. If the flow is axial, these flow angles are constant
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upstream or downstream of the blades. If flow is radial or mixed, and these angles are
not known on BG and CF, B and Bie must be calculated by equation (B14) of refer-
ence 1 or (B15) of reference 7.

Defining the mesh. - A finite-difference mesh is used for the solution of the basic
differential equation. A typical mesh pattern is shown in figure 13. The mesh spacing
and the extent of the upstream and downstream regions are determined by the values of
MBI, MBO, and MM of the input. The mesh spacing must be chosen so that there are
not more than 2500 unknown mesh points.

Figure 13. - Typical mesh in blade-to-biade solution region,

Values of MBI, MBO, and MM should be determined so that the mesh which results
has blocks which are approximately square. To achieve this, a value for NBBI is first
chosen arbitrarily (15 to 20 is typical). NBBI is the number of mesh spaces spanning
the blade pitch s, where s = 27/NBL. Dividing s by NBBI gives the mesh spacing HT
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in the @-direction in radians. Multiplying HT by an average radius (RMSP) of the stream
channel gives an average value for the actual mesh spacing in the 6-direction. The
value of CHORD should then be used with this tangential mesh spacing to calculate the
approximate number of mesh spaces along the blade in the m-direction. This will give
MBO once MBI is chosen. Generally, MBI is given a value of 10. MM, likewise, is
usually given a value 10 more than MBO.

Overrelaxation factor. - ORF is the overrelaxation factor used in each inner itera-

tion in the solution of the simultaneous finite-difference equations (see ref. 2, p. 102).
ORF may be set to 0, or some value between 1 and 2. ORF should be 0 for the initial
run of a given blade geometry and mesh spacing (MBI, NBBI, etc.). In this case the
program uses extra time and calculates an optimum value for ORF. It does this by
means of an iterative process, and on each iteration the current estimate of the optimum
value for ORF is printed. The final estimate is the one used by the program for ORF.
If the user does not change the mesh indexes MBI, MBO, MM, and NBBI between runs,
even though blade geometry or other input does change, he may use this final estimate
of ORF in the input, saving the time used in its computation. In all cases, if ORF is not
0, it should have a value greater than 1 and less than 2.

Actually, the value of ORF is not as critical as the user might think. It gets more

critical as the optimum value gets close to 2. For any run of a given set of data, only
small changes will occur in the rate of convergence in SOR as long as the difference
2.0 - ORF is within 10 percent of its optimum value.

Format for input data. - All the numbers on the card beginning with MBI and on the

card beginning with BLDAT are integers (no decimal point) in a five-column field (see
fig. 10). These must all be right adjusted. The input variables on all other data cards
are real numbers (punch decimal point) in a 10-column field.

Incompressible flow. - While the program is written for compressible flow, it can
be easily used for incompressible flow. To do so specify GAM = 1.5, AR = 1000,
TIP = 106, and REDFAC = 1 as input. This results in a single outer iteration of the pro-

gram to obtain the stream-function solution. And, of course, the velocity-gradient solu-
tion will yield nothing new.

Straight infinite cascade. - The program is as easily applied to straight infinite cas-
cades as to circular cascades. Since the radius and number of blades (NBL) for such a
cascade would actually be infinite, an artificial convention must be adopted. The user
should pick a value for NBL, for instance 20 or 30. Then, since the blade pitch sr is
known, an artificial radius can be computed from

_ NBL(sr)
27

r

This radius should then be used to compute the 6-coordinates required as input (THSP1,
THSP2, and STGRF).
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Axial flow with constant stream-channel thickness. - For a two-dimensional cascade
with constant stream-channel thickness, constant values should be given for the MR,
RMSP, and BESP arrays. Only two points are required for each of these arrays in this
case. The two values of MR should be chosen so that they are further upstream and
downstream than the boundaries AH and DE. The two values of RMSP and BESP should
equal the constants r and b.

Output

Sample output is given in table V for the axial flow stator example of reference 1.
The blade shape is shown in figure 13. Since the complete output would be lengthy, only
the first few lines of each section of output are reproduced here. Most of the output is
optional, and is controlled by the final input card, as already described. In some in-
stances output lables are simply internal variable names.

Each section of the sample output in table V has been numbered to correspond to the
following description:

(1) The first output is a listing of the input data. All items are labeled as on the
input from (fig. 10).

(2) This is the output corresponding to BLDAT (see the list of input variables and the
descriptions of internal variables for the subroutines of the program).

(3) The relative free-stream velocity W; the relative critical velocity W cr’ and
the maximum value of the mass flow parameter pW (correspondingto W =W cr) are
given at the leading edge of the blade (BG) and the trailing edge of the blade (CF). These
are all for the full weight flow. The inlet (outlet) free-stream flow angle Bin B out) at
boundary AH (DE) is given. These angles are based on the reduced weight flow and the
input angles BETAI (ﬁl e) and BETAO (Bt e)' The reason for this is discussed in appen-
dix B.

(4) These are calculated program constants, including the pitch from blade to blade,
the mesh spacing in all solution regions, the minimum and maximum values of IT in the
solution region (ITMIN and ITMAX), and the value of the prerotation A (eq. (B8), ref. 1)
for both full and reduced weight flow.

(5) This is the number of mesh points in the entire solution region at which the
stream function is unknown.

(6) This is the boundary value BV of the stream function on each of the blade sur-
faces.

(7) This is the output corresponding to AANDK.

(8) If the program calculates on optimum overrelaxation factor (i.e., ORF = 0 in the
input), the successive estimates to the optimum value of the ORF are printed. The last
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BLADE SURFACE VELUCITIES
(BASED ON FULL WEIGHT FLOW)
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printed value of the estimate optimum ORF is the value of the overrelaxation factor (ORF)
used by the program.
(9) This is the output corresponding to ERSOR.
(10) This is the output corresponding to STRFN.
(11) This is the total execution time after obtaining the stream function solution for
each outer iteration.
(12) This is the output corresponding to SLCRD.
(13) This is the output corresponding to INTVL for the reduced weight flow.
(14) This gives the maximum relative change in the density, for each outer iteration.
(15) This is the output corresponding to SURVL for the reduced weight flow.
(16) This is the total execution time after all calculations are completed for an outer
iteration with reduced weight flow.
Most of the previously described output has been for the reduced weight flow. The
following output is for the actual weight flow.
(17) This is the output corresponding to INTVL for the full weight flow.
(18) This is the output corresponding to SURVL for the full weight flow.

ERROR CONDITIONS
1. SPLINT USED FOR EXTRAPOLATION. EXTRAPOLATED VALUE = X. XXX

SPLINT is normally used for interpolation, but may be used for extrapolation in
some cases. When this occurs the above message is printed, as well as the input and
output of SPLINT. Calculations proceed normally after this printout.

2. BLCD CALL NO. XX

M COORDINATE IS NOT WITHIN BLADE

This message is printed by subroutine BLCD if the M- coordinate given this sub-
routine as input is not within the bounds of the blade surface for which BLCD is called.
The value of m and the blade surface number are also printed when this happens. This
may be caused by an error in the integer input items for the program.

The location of the error in the main program is given by means of BLCD CALL
NO. XX, which corresponds to locations noted by comment cards at each MHORIZ,
ROOT, and BLCD call in the program.
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3. ROOT CALL NO. XX

ROOT HAS FAILED TO OBTAIN A VALID ROOT

This message is printed by subroutine ROOT if a root cannot be located. The input
to ROOT is also printed. The user should thoroughly check the input to the main pro-
gram.

The location of the error in the main program is given by means of ROOT CALL
NO. XX, which corresponds to locations noted by comment cards at each MHORIZ and
ROOT call in the program.

4. DENSTY CALL NO. XX
NER(1) = XX

RHO*W IS X.XXXX TIMES THE MAXIMUM VALUE FOR RHO*W

This message is printed if the value of pW at some mesh point is so large that there
is no solution for the value of p and W. This indicates a locally supersonic condition,
which can be eliminated by decreasing REDFAC in the input.

If RHO*W is too large, TSONIC still attempts to calculate a solution. This often
permits an approximate solution to be obtained which is valid at all the subsonic points
in the region. In other cases the value of W is reduced at some of the points in ques-
tion during later iterations, resulting in a valid final solution for these points. The pro-
gram counts the number of times supersonic flow has been located at any point during a
given run (NER(1)). When NER(1) = 50, the program is stopped.

The location of the error in the main program is given by means of DENSTY CALL
NO. XX, which corresponds to locations noted by comment cards at each DENSTY call
in the program.

5. MM, NBBI, NRSP, OR SOME SPLNO IS TOO LARGE

If this message is printed, reduce the appropriate inputs to their allotted maximum
values.

6. INPUT WEIGHT FLOW (WTFL) IS TOO LARGE AT BLADE LEADING EDGE

This message is printed if WTFL is greater than the choking mass flow for the ver-
tical line BG, and the program is stopped. If this happens, there is probably an error in
the input. The following items should be checked carefully: RHOIP, WTFL, BETAI,
NBL, RMSP, and BESP.
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7. REDUCED WEIGHT FLOW IS STILL TOO LARGE

This message is printed if difficulty is encountered in calculating Bin OT Bout for
the reduced weight flow. If this happens, REDFAC should be reduced.

8. ONE OF THE MH ARRAYS IS TOO LARGE

This message is printed if there are more than 100 intersections of horizontal mesh
lines with any blade surface. In this case NBBI should be reduced.

9. THE NUMBER OF INTERIOR MESH POINTS EXCEEDS 2500

This message is printed if there are more than the allowable number of finite-
difference grid points. Either MM or NBBI must be reduced.

10. SEARCH CANNOT FIND M IN THE MH ARRAY

el

If this message is printed, the value of m and the blade surface number are also
printed. The user should thoroughly check the input to the main program.

11. A VELOCITY-GRADIENT SOLUTION CANNOT BE

OBTAINED FOR VERTICAL LINE IM = XX

This message is printed if difficulty is encountered in solving the velocity-gradient
equation for some vertical line.

12. A VELOCITY-GRADIENT SOLUTION COULD NOT BE OBTAINED IN

50 ITERATIONS FOR VERTICAL LINE IM = XX

This message is printed after 50 attempts to find a velocity-gradient equation which
results either in the specified weight flow (WTFL) or in a choked flow.

13. WTFL EXCEEDS CHOKING WEIGHT FLOW FOR IM = XX

CHOKING WEIGHT FLOW = XXXXX FOR IM = XX

This message is printed if the vertical line IM will not pass the specified weight
flow (WTFL). WTFL should be reduced in this case. T
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PROGRAM PROCEDURE

The first part of the program is very similar to TURBLE (ref. 3). The program
description for TURBLE is given in reference 1. The main difference in this part of
the TSONIC is the calculation of coefficients A and B of equations (4) to (6) by sub-
routine TANG. Also, PRECAL has been considerably changed to calculate certain con-
stants at reduced weight flow. In addition, a new segment was added to solve the
velocity-gradient equation. The main subroutine of this new segment is TVELCY.
PRECAL, TANG, TVELCY and the subroutines in the new segment of the program are
described later in this section. All the subroutines and their relation are shown in
figure 14.

— TSONIC }
___—.‘_____':-—

[TiMer | [(inpuT ] ——— PRECAL [TcoEF ) sw&] [siax] TANG VELOCY] —] TVELCY ]
:I] 1 — | . | |
MHORIZ COEFBB SLAV [search] | [CviL VELGRA

COEFP SLAVP VELP VELGRB

SLAVBB VELBB
HRB AAK VELSUR] | [TINTGRL
. _
[Borviz] [ BDRY34 |
IPF S o
e SPLINT
ROOT_}

Flgure 14, - Calling relation of subroutines.

The dictionary defines all new variables. Any variables not defined here are de-
fined in reference 1.

The program can handle up to 2500 mesh points on the IBM 7094-2/7044 direct
coupled system with a 32 768-word core. To be able to handle 2500 mesh points, an
overlay arrangement is used, as shown in figure 15. All subroutines not shown are in
the main link. If there is a storage problem on the user's computer, the maximum
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Main link
701225,
INPUT BLCD, ROOT, COEF, COEFBS, PLOTMY
1577g) SPLN22 BDRY12, BDRY34, PISTUG
251 HRB, AAK, SOR KHAR
2675(8) 3071(8) ~
PRECAL TANG SLAX VELOCY TVELCY
MHORIZ SEARCH SLAV VEL VELGRA
403 3173 21268, 31378 INTGRL -
(8) (8) {8) CONTIN
BLOCKD
2308)

Figure 15. - Arrangement for overlay, showing octal storage requirements,

number of mesh points should be reduced. The following program changes are required
to change the maximum number of mesh points:

(1) Change the dimension of A, U, K, and RHO in the COMMON/AUKRHO/ state-
ment. This statement occurs in most subroutines.

(2) In subroutine INPUT, change the number of values of U, K, and RHO to be
injtialized (the bound on the DO loop near statement 60).

(3) In subroutine PRECAL, change statement 340 and format statement 1150 to re-
flect the maximum allowable number of mesh points. Statement 340 will cause the pro-
gram to stop if there are too many mesh points.

(4) Change the dimensions of W, BETA, DUDT, DUDTT, AAP, and BBP in SLAX,
SLAV, TANG, VELOCY, VEL, TVELCY, and VELGRA.

The conventions used in the program and most of the labeled COMMON blocks are
described in reference 1. The following are new COMMON blocks in TSONIC:
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(1) /SURVEL/ is used for arrays of surface velocities and plotting arrays.

(2) /D2TDM2/ is used for an array of second derivatives d29/ dm? along the blade
surfaces.

(3) /WWCRM/ is used for an array of critical velocity ratios and an array of labels
to indicate choking.

Subroutine PRECAL

Calculation of A, Wle’ and Wt e~ The prerotation A and the average velocity W, e

at the blade leading edge are calculated for the full weight flow. They are calculated
iteratively by equations (B7) to (B9) of reference 1. If the input weight flow (WTFL) is
too large, a solution cannot be obtained. In this case, error message (6) is printed, and
the program is stopped. Otherwise, Wt e is calculated using Bte by satisfying one-
dimensional continuity at line CF.

Calculation of W, . and maximum values of mass flow parameter pW. - Calculation

of all these quantities at the leading and trailing edges is done using equations (B10) to
(B12) of reference 1.

Calculation of w, w, and A for reduced weight flow. - First, the values of w, w,
and X for the full weight flow are stored. Then values of w and w for the reduced
weight flow are calculated by multiplying by REDFAC. The value of A for the reduced
weight flow is then calculated by the same procedure as for the full weight flow.

Calculate §; and Bout* ~ These quantities are necessary as boundary conditions.

The input, however, gives f;, (BETAI) and S, (BETAOQ). The desired values of B
and B, . are calculated from the input values of B; e and Bt e’ respectively, by using
equation (B14) of reference 1. The reduced weight flow is used in these calculations for
reasons explained in appendix B.

The remaining calculations in PRECAL are the same as for TURBLE, and are
described in reference 1.

Subroutine TANG

Most of this subroutine is the same as in TURBLE, and is described in reference 1.
After these calculations are complete for a given horizontal mesh line segment, there is
a check to see if there is convergence of the outer iteration (by checking the value of
IEND). If convergence has been achieved, the coefficients A and B of equation (4) are
calculated. This requires first the calculation of a2u/ om 06 and OW/oém. The calcu-
lation of azu/ dm 96 is done by using subroutine SPLINE to calculate the partial deriva-
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tive with respect to m of 3u/36. The values of du/96 have been previously calculated
in SLAV. The values of dW/dm are also calculated by subroutine SPLINE. The values
of A and B are now calculated at each point by using equations (5) and (6). These
values are stored in the AAP and BBP arrays.

Subroutine TVELCY

TVELCY calls VELGRA and VELGRB to solve the velocity-gradient equation along
each vertical line. After this is done, the blade surface velocity is printed at each ver-
tical mesh line. Then these velocities are plotted.

Subroutine VELGRA

VELGRA has a second entry point. The main entry point is for vertical mesh lines
upstream or downstream of the blade. The second entry point is called VELGRB and is
used for vertical mesh lines between the blades. Most calculations are the same for
either entry point. The variable AORB is used as a switch to indicate the entry point,
and is used where there is some difference in the calculation, such as at the surface of
a blade.

After calculating some constants the values of A and B of equation (4) are placed
in the A2 and B2 arrays from the AAP and BBP arrays, respectively, for the interior
points. The values of A and B on the blade surface are calculated by equations (5a)
and (6).

After all the values of A and B are calculated, the velocity-gradient equation (4)
is solved. An initial estimate of W on the lower boundary is available from the reduced
weight flow solution. The initial velocity is obtained by dividing the reduced weight flow
value by REDFAC. A numerical solution to equation (4) is calculated by a Runge-Kutta
method as follows (ref. 10, p. 233). ¥ Wj is known at the jth point, Wj +1 1s calcu-
lated by the following algorithm. Let

%
. =W. W. (8. - 8.
W]+l W] + (AJWJ + B])( i+1 ])

(8)

** * -
Wisl = Wy + (3,0 Wihy + By )0, - 6)

Then

* * %
= W"+1 +Wj+1
j+
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After the second boundary is reached, the solution is checked by calculating the weight
flow. The weight flow can be calculated by

]
w =/2chosﬁbrd6 (9)
est f
1

using the values of W just calculated. The density p for each W is calculated, and
the value of g from the reduced weight flow solution is used. The stream-channel
thickness b and the radius are constants which are available in the BE and RM arrays,
respectively. The integral in equation (9) is calculated numerically by subroutine
INTGRL. After West (WTFLES in program) is calculated, subroutine CONTIN is called.
CONTIN will give a new initial value for W. The entire procedure is then repeated, with
CONTIN giving a new initial value for W each time, until one of four occurrences:

(1) WTFLES = wiw/10°.

(2) A maximum value of WTFLES <w is found. This indicates choking. In this
case, error message 13 is printed.

(3) In the calculations W becomes so large that no corresponding density can be
found. In this case, error message 11 is printed, and the program goes to the next
vertical line.

(4) None of the above conditions are met for 50 iterations. In this case, error
message 12 is printed, and the program goes to the next vertical line.

After the calculations are completed, the interior velocities are printed, and surface
velocities are stored to be printed later.

Subroutine BLOCKD

This initializes the LABEL array with blanks.

Main Dictionary

Most of the FORTRAN variables are the same as those given in reference 1 and will
not be repeated here. The following list defines all new variables in the previously dis-
cussed subroutines.

A2 array of values of coefficient A (eq. (4)) along a vertical mesh line
AAP array of values of coefficient A (eq. (4)) at all interior mesh points

ACTLAM value of A based on input value of weight flow w (WTFL) (LAMBDA is
based on the reduced weight flow for the reduced weight flow calculations.)
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ACTOMG

ACTWT

AORB

B2

BBP
CBETA
CHOKED
D2TDM2
DDT
DELMAX

DENTOL
DUDMM
DUDTM
DUDTT
DWDM

I2

IND
LABEL

NERT
REDFAC
RWCB
SBETA
SBETA1
SBETAN
THETA
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input value of OMEGA (OMEGA is reduced for the reduced weight flow
calculations.)

input value of WI'FL (WTFL is reduced for the reduced weight flow cal-
culations.)

switch in VELGRA to indicate entry point (AORB = 1 for main entry point
and AORB = 2 for entry point VELGRB.)

array of values of coefficient B (eq. (4)) along a vertical mesh line
array of values of coefficient B (eq. (4)) at all interior mesh points
array of values of cos g8 along a vertical mesh line

variable storing the word ''choked'' in Hollerith

array of values of d29/dm2 for each blade surface at vertical mesh lines
array of valus of du/26 along a horizontal line

maximum permitted change of estimated initial value of W
(DELMAX = Wcr/IO)

see input
array of values of azu/ amz along a horizontal mesh line
array of values of azu/ 00 om along a horizontal line

array of values of azu/ 362 at all interior mesh points

array of values of dW/om along a horizontal mesh line

temporary index variable in TVELCY
integer variable controlling logical sequence in CONTIN

array of labels for A format output to indicate a particular blade surface
velocity was based on choked weight flow

temporary storage of a value of NER(1)

see input

array of values of pW cos 8 along a vertical mesh line
sin g

sin 8 on the upper blade surface at a given vertical line
sin 8 on the lower blade surface at a given vertical line

array of 6-coordinates along a vertical mesh line

RPN TR i TN T



TOLERC velocity tolerance for convergence in calculating choking weight flow

(TOLERC = W/100)

TORSAL 2wr sin o

VT
WAS
WASS

temporary velocity
W;‘ 10 €a- (8)

W;‘:‘l, eq. (8)

WGRAD array of velocities W calculated by eq. (8)

wIipP

WTFLES w

10

30

N o=

(S el U

array of velocities W along a horizontal mesh line in TANG

est calculated by eq. (9)

Program Listing For Subroutines Using Main Dictionary

COMMON SRW,ITER, IEND,LER(2),NER(2)

COMMON /AUKRHO/ A(2500.4),U(2500),K(2500).RHO(2500)

COMMON /INP/GAM,AR.TIP.RFOIP'NTFLgOMEGA.ﬂRF.BETAI.BETAO'REDFAC-
DENTOL.MUI,MBD.MM,NBBI,NBL,NRSP.MR(SO),RMSP(SO),BFSP(SO),
8LDAT,AANDK,ERSOR,STRFN,SLCRD.INTVL.SURVL

COMMON /CALCON/ACTNT.ACTGMG,ACTLAM,MRIMI,MBIPI,MBOM[.MBOPL.MMMI,
HMl.HT.DTLR.DMLR.P[TCH'CP.EXPON'TWH-CPTIP.TGROG.TBI.TBO-LAMBDA.
THL;ITMIN'ITMAX,N[P.IMS(Z),GV(Z),MV(lOO),Iv(lOl).ITV(lOO,Z).
TV(100.2)'UTDMV(IOOvZ)qBETAV(100.2).MH(100-2)'DTDMH(100.2)o
BETAH(100,2),RMH(10012),BEH(100'2).RM(IOO)qBE(IOO),DBDM(IOO):
SAL(100),AAA{100)

COMMON /GEOMIN/ CHORD(Z).STGR(Z!.MLE(Z),THLE(Z),RMI(2),RMO(2),

1 RI(Z!,RG(Z)gBETI(2!.BETO(2)aNSPI(2).MSP(SO.Z)gTHSP(SOoZ)

COMMON JRHOS/RHOHB(100,2),RHOVB(100,2)

COMMDN /BLCOLCM/ EM(50+42) s INIT(2)

COMMON /SURVEL/ NTB(1C012),NMB(100'2),XDONN(4OO)'YACRUS(400)

COMMON /N2TUM2/ D2TDM2(100.,2)

INTEGER BLDAT,AANDK,ERSOR'STRFN.SLCRD,SURVL.AATEMP.SURF.F[RST.

1 UPPER,S1sSTsSRW

REAL K,KAK'LAMBDA,LMAX.MF,MLEyMR,MSL,MSP,MV,MVIM[

CALL TIMEL(TL)

IEND = —1

ITER = O

INIT{1) = O
INIT(2) = O

CALL INPUT

CALL PRECAL

CALL COEF

CALL SOR

CALL TIMEL(TZ2)
TIME= (T2-T1)/3600.
WRITE(6,1000) TIME
CALL SLAX

CALL TANG
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CALL VELOCY

CALL TIMEL(T2)

TIME= (T2-T1)/3600.
WRITE(6,1000) TIME
IF{XNER(2).GT.0) GO TO 10
IF{IEND.LE.O) GO TG 30
CALL TVELCY

GO 10 10

FORMAT [8HLTIME = ,FT7.4,5H MIN,)

END

INPUT READS ANG PRINTS ALL INPUT DATA CARDS AND CALCULATES HORT ZONTAL

SUBROUTINE INPUT

SPACING (MV ARRAY)

1
2

NS WN -~

1

1

COMMON SRW,ITER,IEND,LER(2),NER(2)

COMMON /AUKRHO/ A(2500,4),U(2500) K{2500),RHO{2500)

COMMCON /INP/GAH,AR,TlP,RhOIP.NTFL,CMEGA,ORF.BETAI,RETAO,REDFAC,
CENTOL ,MBT14MBO, MM, NBB T, NBL4NRSP,MR{50) 4RMSP(50) ,BESP(50),
BLDAT, AANDK, ERSOR  STRFN, SLCRD, INTVL , SURVL

COMMON /CALCON/ACTNT.ACTCMG,ACTLAM,MBIM[,MB[PI.MBDMI,MBOPI,MMML.
HMl,HT,DTLR'DMLR,PITCH.CP,EXPON.TNN.CPTIP,TGRDG'TBI.TBO,LAMBUA,

TNL.ITMIN.ITMAX.NIPyIMS(Z)vBV(Z)'MV(lOO)oIV(lOl),lTV(lOOyZ),
TV(100,2),DTUMV(100,2)4BETAV(100,2)sMH{100,2) ,0TDOMH{100,2),

HETAH(IOO.Z),RMH(100v2)nBEH(100:2)1RM(100),UE(LOO).DBDM(IOO).

SALL100),AAA(100)
COMMON /GEOMIN/ CHURD(2) ySTGR[2)4MLE(2) s THLF(2),RMI(2),RMO(2),

RI(2),R0O(2),BETI(2)BETO(2) NSPI{2)sMSP(50,2),THSP(50,2)
COMMON /RHOS/RHOHB{100,21),RHOVB(100,2)

INTEGER BLOAT,AANDK, ERSOR, STRFN, SLCRD, SURVL y AATEMP , SURF,FIRST,
UPPER,S1,S5T,SRu

REAL KyKAK,LAMBDALMAX,MH, MLE, MR ,MSL ,MSP, MV, MVIM1

REAC AND PRINT ALL INPUT DATA

WRITE(6,1000)

READ(5,+1100)

WRITE(6,1100)

WRITE(6,1110)

READL (5,1030) GAM,AR, TIP,RHUIP,WTFL,BLANK,OMEGA,ORF
WRITE(641040) GAMyAR, TIP,RHOIP,WTFL,BLANK,DMEGA,ORF
WRITE(6,1120)

READ (5,1030)BETAILBETAQO,CHORD(L),STGR(1)

WRITE(6,1040)16ETALBETAQ,CHORD(1),STGR{1)

WRITE (6,1125)
READ (5,1030) REDFAC.DENTOL

IF{CENTOL.LE.O.} DENTCL = ,001

WRITE (6,1040) REDFAC,DEATOL

WRITE{6,41130)

READ (541010) MBI,MBO,BLANKyBLANK,MM,NBBT,NBL,NRSP
WRITE(6,1010) MBI,MBN,BLANK, BLANK,MM,NBBI[,NBL,NRSP
CC 10 J=1,2

IF (J.EQ.1) WRITE(6,1140)
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IF (J.EQ.2) WRITE(6,1150)
WRITE(6,1180) Jydsdedsd
REAU (5,1030) RI{JI,RCIJ),BETI(I),BETO(I),SPLNO
WRITE(6,1040) RI(J)4RCIJ)BETI(I)4BETO(J),SPLNO
ASPI(J)= SPLNO
NSP = NSPI(J)
WRITE(6,1190) J
READ (5,1030) (MSP{I4J},I=1+NSP)
WRITE(6,1040) (MSP(I,J),I=1,NSP)
WRITE{6,1200) J
READ (5,1030) (THSP(I,J),I=14NSP)
10 WRITE(6,1040) [THSP(I,J)s1=1,NSP)
WRITE(6,1210)
READ (5,1030) (MR{I),[=1,NRSP)
WRITE(6,1040) (MR{I),I=1,NRSP)
WRITE(5,1220) ]
READ (5,1030) (RMSP(I),I=L4NRSP)
WRITE(6,1040) (RMSP{I),I=1,NRSP)
WRITE(6,1230)
READ (5,1030) {(BESP{I),I1=1,NRSP)
WRITE(6,1040) (BESP(I1),1=1,NRSP)
WRITE(641240)
REAU (5,1010) BLDAT,AANDK,ERSOR,STRFN,SLCRD, INTVL,SURVL
WRITE{6,1020) BLDAT,AANDK, ERSORy STRFN,SLCRD INTVL, SURVL
IF (MM.LE+100.AHD.NBBI.LEe50AND.NRSP.LE.50.AND.NSPT(L).LE.50
1 .AND.NSPI(2).LE.50) GG TO 20 '
WRITE (6,1250)
sToP

CALCULATE MV ARRAY

20 EM1 = CHORDI{1)/FLOAT(VBO-M3I)
£O 30 IM=1,MM

30 MV(IM) = FLUAT(IM-MBT])#HM]
MV (#B0) = CHORDI{1)

CALCULATE MISCELLANEOUS CONSTANTS

NER{1)=0

NERIL(21)=0

PITCH = 2.%#3.1415927/FLUOAT(NBL)

HT= PITCH/FLCAT(NBBI)

CTLR= HT/1000.

CMLR = HM1/1000.

BVIL) D.

BV(2) = 1.

MBIML= MBI-1

MBIPL= MBI+l

MBOM1= MBO-1

VBUP1= MBO+1

MMML = MM-1

CP = AR/(GAM-1.])*GAM

TWW= 2.*0OMEGA/WTFL

CPTIP= 2.=%CP=TIP

TGRIG= 2.%*GCAM#®AR/ IGAM+1.)

CALL SPLINT(MR,RMSP,NRSP,MV,MM,RM,SAL)
CALL SPLINT(MR,BESP,NRSP,MV,MM,3F,DBOM)

L
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C
C  CALCULATE GEOMETRIC
C

AL CONSTANTS

CHORD{2) = CHORD(1)
STGR{2) = STGR{1)
MLE(1l) = 0.

MLE(2} = 0.

THLE{(1) = 0.
THLE{2) = PITCH

RMI (1) = RM(MBI)
RMI{2) = RM(MBI)
RMO(1) = RM(MBO)
RMO(2) = RM({MBO)

C
C INITIALIZE ARRAYS
C
LO 60 I=1,2500
L(r)y = 1.
K(I) = 0.
60 RHO(I} = RHOIP
CO 70 IM=1,100
CO 70 SURF=]1,2
RHOHBI IM, SURF)
70 RHOVB(IM, SURF)
RETURN
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

Hon

1000
1010
1020
1030
1040
1100

1
1110 FORMAT

{1H1)
{161I%)
{LX,161I7)
(BF10.5)
(1X,8Glé6.
{80H

RHOIP
RHGIP

7)

)

NoL
— UPPER SURFACE)
- LOWER SURFACE)

STRFN  SLCRD

NRSP)

INTVL

1 » 10X, 5HOMEGA, 12X, 3HURF)
1120 FORMAT (6X.5HBETAI.1OX,5HBETAU,11X,6HCHDRDF,llx,SHSTGRF)
1125 FORMAT (6X,6HREDFAC, 10X, 6HDENTOL )
1130 FORMAT (41H MBT MBC MM NBRI
1140 FORMAT (39HL BLADE SURFACE 1 -
1150 FORMAT (39HL BLADE SURFACE 2 -
1180
LFLNG,I1)
1190 FORMAT (7X,3HMSP,I1,2X,5KHARRAY)
1200 FORMAT [7X,4HTHSP,11,2X,5HARRAY)
1210 FORMAT (16HL MR ARRAY)
1220 FORMAT [7X,11HRMSP ARRAY)
1230 FORMAT (7X,11HBESP ARRAY)
1240 FORMAT (92HL BLDAY AANDK E£RSOR
1250 FORMAT (41HL MM,NBBI,NRSP,0R SOMF SPLNO IS TOU LARGE)

END

50

(7X,3HGAM.14X,2HAR,13X.3HT[P,IZX,SHRHOIP,12X,4HNTFL,11X,6H

FORMAT (7Xo2HR[oIlo12Xu2HRG,[l.lZX'QHBET!,[l.llX.éHBETO.ll'lle5HS

SURVL)
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SUBROUTINE PRECAL

PRECAL CALCULATES ALL REGUIRED FIXED CONSTANTS

1
2

W1 WN

1

COMMON SRW,ITER, TEND,LER(2),NER(2)

COMMON /AUKRHU/ A(ZSOOyé).U(2500)-K(2500):RHO(2500)

COMMON /INP/GAM,AR,TIP,RHOIP.hTFL.OMEGA.GRF.BETAI.RETAO.REUFAC.
DENTOL,MD[,MHC.MM,NBB[,NBL,NRSP,MR(50),RMSP(SO)'BESP(SO).
ﬁLDAT,AANDK,ERSOR.STRFN,SLCRU,INTVL,SURVL

COMMDN /CALCUN/ACTNToACTGMG'ACTLAM,MB[Ml,MRIPl.MBDMI,MBDPL,MMMI.
HMI,HT,DTLR;DMLR,P[TCH.CP.EKPON.TNN.CPTIP.TGRUG.TBI'TBO-LAMBDAv
TNL'[TMIN,lTMAX,NIP,INS(Z),BV(Z),MV(100),IV(101)oITV(10012)v
TV(IOO.Z).UTDMV(IOO,Z!,HET&V(lOO,Z),MH(lOOyZ);DTDMH(lOO'Z).
%ETAH(IOO.Z),RMH(100.2).BEH(100.2),RM(IOO).dE(lOO).DBDM(IOO).
SAL(100),AAA{100)

COMMON /D2TDM2/ D2TDM2(1C0,2)

CIMENSTON CURV{100,2)

INTIIGER BLDAT'AANDK,ERSUR,STRFV,SLCRD,SURVL,AAfEMP,SURF.F[RST,
UPPER4S1sST»SRW

REAL K,KAK,LAMBDA,LMAX,MH,MLF,MR,MSL,MSP,MV,MV[Ml

EXTZRNAL BL1,BLZ

CALCULATE LAMBDA, VI AND VO

10

20

30

40

RETAL
BETAD

RETAI/57.295779

BETAU/S57.295778

T8I SIN({BETAI)/COS{BETAI)

180 SINIRETAO)/COS(BRTAQ)

RHOT = RHOIP

RHOVI = NTFL/bE(MBI)/PITCH/CHS(BETAI)/RM(MB[)
vI = RHOVI/RHOT

LAMJDA = RN(MDI)'(VI*SIN(BETAI)+OMEGAGRM(MBI))
TTIP = l.—(VI**2+2.!DMEGA*LAMHDA—(OMEGA*RM(MBI))!*Z)ICPTIP
IF (TTIP.LE.O.) GO TO 30

RHOMBI = RHOIP=TTIP##EXPLN
IF(QBS(RHOMJ[—RHUT)/RHGIP.LT..OOOOOl) GO TN 40
RHOT = RHOM3I

GO 10 20

WRITE{6,1020) WTFL

SThGP

vl = RHOVI/RHOMBI

LAM3DA = RM(MBI)*(VI*SIN(BETAI)+UMEGA*RM(MBI))
TWL = 2.*0MEGA=LAMBDA

RHOVD = WTFL/BE(MBD ) /P1 TCH/COS(BETAN)/RM(MBO)
RHOMB2 = RHUIP

TWLMR = TWL-{OMECA#RM(MBC 1) *x2

LER(1)=1

CERSTY CALL NO. 1

CALL DENSTY(QHDVO,RHDMBZ,VO.TWLMR,CPTIP,[KPON,RHOIP,GAM.AR'TIPI

o

CALCULATE W-CRITICAL, AND MAXIMUM VALUES FOR RHO*W AT LEADING AND
TRAILING EDGE

AA = (TWL—IUMEGAlRM(MBI))*'Z)ICPT[P
TPp = TIP#(1l.-AA)

BB = TGROG*TIPP

WCRI = SQRT(BB)

TTIP = l.~0B/CPTIP-AA

RHOwMI = RHOIP#TTIPe#EXPCN2WCRI

51
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AA = (TWL-(UMEGA+#RM({MEC V)=e2)/CPTIP
TPP = TIP#{]l.-AA)

BB = TGROG=TPP

WCRG = SQRT(BB)

ITIP = 1.-BB/CPTIP-AA

RHOWMO = RHUIP#TTIP##EXPON®*WCRI

STCRE ACTUAL VALUES OF WTFLs OMEGA AND LAMBDA - CALCULATE REDUCED
VALUES OF WTFL AND LAMBDA

ACTWT = WTFL

ACTCMG = OMEGA
ACTLAM = LAMBODA

WTFL = WTFL*REDFAC
CMEGA = OMEGA*REDFAC

CALCULATE LAMBDA FOR RECUCED WEIGHT FLOW

50

60

C
W

70

80

RHOT = RHOIP

RHOVI = WTFLIBE(MBI)/PITCH/CDS(BETA[)/RM(MBI)
VT = RHOVI/RHUT

LAMBDA = RM(MBI)'(VT*S[N(BETAI)+OMEGA*RM(MB[))
TTIP = 1.—(VT*l2+2.*OMEGA*LANBDA-(DMEGA*RM(MBI))*l?)/CPTlP
RHOMBI = RUUIP*TTIP*#EXPCN
IF(ABS(RHDMdI—RHUT)/RHDIP.LT..OOOOOI) GO TO 60
RHOT = RHOMB]

GO 10 50

VT = RHOVI/RHOMBI

LAMRDA = RM(MBI)*(VT*SIN(BETAI)+UMEGAIRM(MBI))
TWL = 2.=0MEGA*LAMBDA

ALCULATE BETA CORRECTEC TO BOUNDARY A~N AND G-h USING REDUCED
EIGHT FLOW

NERT = NERI(1)

TWLMR = TWL-{UMEGA®RM(1) )as?

RHO1 = RHOMBI

T8IL = 1.E20

TBITY (TBI/BE(MBI)*RHOI/RHDMB[+DMFGA*(RM(MBI)**2~RV(l)*'Z)*RHUl
1 /WIFL*PITCH)*BE{])

IF(ABS(TBII-TBIT)eLT..00001) GU TOU 80

TBIl = TBIT

RHOVI = NTFL/P[TCH!SQRT(1.+TBIl*'2)/8E(l)/RM(l)

LER(1)=2

CENSTY CALL NG. 2

CALL DENSTY (RHUV[,RHCI,AA,THLMR,CPTIP.EXPDN.RHDIP.GAM.AR.TIP)
GO TO0 70

TBI = TBIT

RHOVO = WTFL/BEIMBO )/PITCH/COS(BETAQ) /RMIMBD)

RHO¥B2 = RHUIP

TWLMR = TWL-(OMEGA®RM(MBL ))ax2

LER(1)=3

CENSTY CALL NO. 3

CALL DENSTY(RHOVU.RHUMEZ;AA,TNLMR.CPTIP.EXPON.RHOIP'GAM.AR'TIP)

BTAIN = ATAN(TBI)#57.295779
TWLMR = TWL-~(OMEGA=RM (MM )) s
RHOMM = RHOMBZ2

TBCHM 1. E20

90 TBOT = {TBO/BE(MBO ) #RHOMM/RHOMB2+0OMEGA® {RM({ MB O ) %2-RM(MM}*=2)

L]
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[F(ALDATLLE.O) GO TO 230

WRITE {6,1070)

WRITE (6,1080) (MV(IM),TV([M,l).DTDMV(IM.l),CURV(IM.I),TV(IM.?).
1 OTDMVIIM,2) 4CURV(IN,2), IM=MBI,MEO)

WRITE {6,1090) (IM.MV(IM).RM(IM),SAL(IM),BE(IM),DBDM(IM)yIM=l.MM)

230 CONTINUE
CALCULATE MH AND DYDMH ARRAYS

ITO = 1TV(1l,1)

MRTS = 1

IMS(1) =1

MH{1,1) = O.

CTDMH{1,1) = 1.E10O

LER(Z) = 3

BLCO AND ROOT (VIA MHCRIZ) CALL NO. 3

CALL MHORIZ(MV,ITV(I.l)vELl,MBI,MBUyITO.HT,DTLR,O,IMS(I).MH(l,l).
1 DYDMH{1,1)4MRTS)

IF {1TV(MBO, 1)-ITV(MB0O,2)4NBBI.NE.2) GO TO 240

IMSL = IMS(1)+1

MH{IMSL,1) = MV{MBO)

CTOMH{IMSL, L) = -1.E10

IMSt1) IMSL

240 1MS(2) 0

MRTS =
LER(2) 4

BLCD AND ROOT (VIA MHORIZ) CALL ND. 4

CALL MHORIZ(MV'lTV(l,Z),BLZ,MBI,MBO,[TO,HT,DTLR,l.IMS(Z)gMH(l,Z)p
1 CTDMH{1,2) 4MRTS)

[ = MAXO(IMS({L),IMSI{2))

IF{I.LE.100) 60 TO 29C

WRITE(6,1100) I

sTap

290 IF(BLDAT.LE.O) GO TO 300
WRITE (6,1110) ([M.lV(IM)'([TV(IM.SURF)'SURF=1.2).IH=17MM)

W

CALCULATE ®/MH, BEH, AND BETAH ARRAYS

300 IF(BLDAT.GT.0) WRITE(6,1120)
CO 320 SURF=1,2
CALL SPLINT(MR.RMSP,NRSP,MH(I,SURF)gIMS(SURF)sRMH(l'SURF)vAAA)
CALL SPLINT(MR,BESP,NRSP.MH(lySURF).IMS(SURF),BEH(loSURF).AAA)
IMSS = IMS(SURF)
IF{IMSS.LT.1) GO TO 320
CO 310 IHS = 1,IMSS
310 BRETAH({IHS,SURF) = ATAN(DTDMH(IHS.SURF)!RMH(IHS.SURF))157.295779
IF (BLDAT.GT.0) WRITE(6,1130) SURF s (MH(IM, SURF)RMH(IM,SURF),
1 BEH(IM,SURF),BETAH([M.SURF),UTDMH(!M.SURF)'[M=1'[MSS)
320 CONTINUE
IF [BLDAT.LE.O) GO TO 340
WRITE (6,1140)
IT = [TMIN
330 IF (IT.6GT.ITMAX) GO TC 340
TH = FLOAT(IT) #HT
WRITE (6,1010) IT,TH
IT = IT+1
€0 10 330 )
340 IF(NIP.LE.2500) GO TO 350
WRITE(6,1150)
STOP
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100

CAL
110

TV,

120
IT

130
IT
140

150

CA

160
BET

1
200

RHDMM/NTFL*PITCH)*BE(VM)
IF (ABS(TBOM-TBOT).LT..OCOOI) G0 TO 100
TBOM® = TBOT
RHOvVO = NTFL/PITCH'SQRT(1.+TBOM**2)/BE(MM)/RM(MM)
LER(1) =4
CENSTY CALL Nu. 4
CALL DENSTY (RHOVD.RHUMM,AA.TWLMR.CPTIP.EXPON.RHDIP.GAM,AR.TIP)
GO 10 90
TBO = T80T
BTACUT = ATAN(TBO)*57.295779
IFINER(1).EQ.NERT) GO TO 110
WRITE [6,1025)

STOp

CULATE Tv, 1TV, 1V, DTDMV, AND BETAV ARRAYS
ITMIN = 0

ITMAX = NgRI-]

ITV, AND DTDMV ON BLADE
CO 120 IM=MBI,MBC
LER(2)=1
ELCD CALL NO. 1
CALL BLl(MV(IM).TV(IM.l).DTDMV(IM.I).INF)
ITV(IM, 1) = INT((TV(IM.1)+DTLR)/HT)
IF (TV(IM,1).GT.-DTLR) LIVIIM, 1)=ITV(IM, 1)+]
ITMIN= MINOCITMIN, ITV(IM,1))
LER(2)=2
BLCD CALL NO. 2
CALL BLZ(MV(IM)yTV(IM.Z),DTDMV(IM,Z),INF)
ITv(IM,2)= INTOCTVIIM,2)-DTLR) /HT)
[F (TV(IM,2).LT.DTLR) ITVIIM,2)=1TV(IM,2)-1
ITMAX= MAXOLTITMAX,ITV(IM,2))
V AND IV UPSTREAM OF BLACE
FIRST = 0
LAST = NBDI-1
CC 130 IM=1,MLIMI
ITV(IMy1)= FIRST
ITVIIM,2)= LAST
vV DCWNSTREAM OF BLADE
LAST= ITV(MBO,2)
FIRST= LAST+1-NgBI
CO 150 IM=M3oP1, MM
[TV{IM,1) = FIRST
FTVIIMs2) = LAST
ITMIN = MINOUITMINGZITV(MM, 1))
LCULATE 1V ARRAY
Ivil) =
CC 160 IM=1,MM
IV(IM+]) = [V(IM)+[TV(IMv2)~[TV(IM.1)+1
AV ARRAY
CO 200 SURF=1,2
LC 200 Im=MgI,Mp0

CURVI(IM,SuRrF) = (RM(IN)*DZTDMZ(IM,SURF!+SAL(IM)*DTDMV(IM.SURF)) /

(l.+(RM(IM)*DTDMV([M,SURF))**ZI**I-S
BETAV(IM,SURF) = ATAN(DTDMV(IM,SURF)*RM(IM)1*57.2?5779
NP = TV(MM)+NBBI-1
WRITE(6,1030) VI'RHDHNIyNCRIoBTAINrVO.RHOHMO'HCRD.BTAOUT
hRITE(6,1040) PITCH,HT,HM]
WRITE{64,1050) ITMIN.ITMAX,ACTLAM,LAMBDA,NIP
WRITE{6,1060) (SURFsBVISURF),SURF=1,2)

1
nsl

g e i
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350 WRITE (6,1000)
RETURN

1000 FORMAT ({1H1)

1010 FORMAT {4X,14,G1l6.5]

1020 FORMAT (60HLINPUT WEIGHT FLOW (WTFL) IS TOO LARGE AT BLADE LFADING
1EDGE)

1025 FORMAT{40HL REDUCED WEIGHT FLOW IS STILL TOO LARGE)

1030 FQRMAT {LlH1/24X,lOHFREESTREAM,8X, 13HMAXIMUM VAl UE,
17X dHCRITICAL,30Xy 14HBETA CORRECTED/ 25X, 8HVELOCITY, 10X,9HFCR RHO#W
23 10X,8HVELOCITY, 31Xy 1 LHTO BOUNDARY/LX,17HLEADING EDGE B-G,3Glt.5,
312X, 12HBOUNDARY A-HyG1B8.5/1X, 1L THTRAILING EDGE C-F,3G18.5,12X,
412HAOUNDARY D-E,G18.5/86X,30H(BASED ON REDUCED WEIGHT FLOW)}

1040 FORMAT (33HL CALCULATED PROGRAM CONSTANTS//5X+5HPITCH,. 13X,
1 PHHT 4 13X, 3HHML/1X 4 5G1 6. T7)

1050 FORMAT (/5X,5HITMINs 10Xy SHITMAX/4XyI5410X,15//5X+6HLAMEDA, 12X,
1 29HLAMBOA AT REDUCEC WEIGHT FLOW/1X,Gl6.7,12X,G1l6.7/
2 38HL NWUMBER OF INTERIOR MeSH POINTS = ,19)

1060 FORMAT(28HL SURFACE BOUNDARY VALUES//5Xy THSURFACE s 7X, 2HBY
1/7{5Xs14,4X,F10.5))

1070 FORMAT ({1H1,6X,62HBLACE LATA AT INTERSECTIONS UF VERTICAL MESH LIN
1ES WITH BLADES)

1080 FORMAT (1HL,22X,15HBLADE SURFACE 1,30X,15HBLADE SURFACE 2/7X,
1 IHM, 14 X4 2HTV s 11 Xe SHDTOMV,, 11X o 4HCURV . 12X 3 2HTV,, L1 Xy SHDTDMV .11 X,
2 4HCURV/{T7GLl5.5))

1090 FORMAT (1H1,13X,44HSTREAM SHEET CUORDINATES AND THICKNESS TABLE /
1 2Xy2HIM, TXy LHM,y 14X 9 1HRy 13X,y 3HSAL ¢ 13X, LHB, 12X, 5HDB8/DM/ {1Xs13,
2 5G1l5.5) )

1100 FORMAT(34HLONE OF THE MH ARRAYS IS T0OO LARGE/7H IT HAS,I5, 8H POI
IATS)

1110 FORMAT (4H1 IM,9X,8HIV ARRAY,25X,9HITV ARRAY/38X,5HBLADE/37X,THSUR
LFACE #3X s 1H1 45Xy LH2/39X,3HNOL/(1Xs13,5X,110425X,2([4,42X)))

1120 FORMAT (67HIM COORDINATES NF INTERSECTIONS OF HORIZONTAL MESH LINE
1S WITH BLADE)

1130 FORMAT (25HLMH ARRAY - BLADE SURFACE.I2//715X,2HMH,193X,3HRMH, 19X,
l JHBFEH, 18Xy SHBETAH, LTX,5SHOTOMH/(5622.4) )

1140 FORMAT (43HITHETA COOROINATES OF HORIZUNTAL MESH LINES//6X,2HIT,
15X, 5HTHETA)

1150 FORMAT(48HLTHE NUMBER OF INTFRIOR MESH POINTS EXCEFDS 2500)

END

SUBROUTINE COEF

COEF CALCULATES FINITE DIFFERENCE COEFFICIFENTS, A, AND CUNSTANTS, K,
AT ALL UNKNOWN MESH POINTS FOR THE ENTIRE REGION

COMMON SRW,ITER,IEND,LER(2)NER(2]

COMMON /AUKRHU/ A(2500,4),U(2500),K(2500),RHO(2500)

COMMON /INP/GAM,AR,TIP,RHEOIP 4WTFL,OMFEGA,(IRF,BETAT,BETAD,REDFAC,

1 DENTOL 4MBI,MB0OsMM,NBB I, NBL,s NRSP,MR(50),RMSP(50),BESP(50),

2 BLDAT, AANDK  ERSOR 3 STRFNy SLCRU o INTVL SURVL

COMMON /CALCON/ACTWT s ACTCMG4ACTLAM,MBIML,MsIP1,MB80M]1,MBOP1,MMMIL,
HML ,HT 3 DTLR,DMLR, PITCH,CP ,EXPON, TWW,CPTIP,TGROG.TBI,TBO, LAMBDA,
TWL, ITMIid o ITMAX,NIP,IMS{2},8V(2)4MV(100),IV{101),ITV(L00,2),
TV(100,2),LTDMVI100,2)yBETAV{100,2)«MH(100,2)+DTUMH(100,2),
BETAH{100,2),RMH(100,2),BFH{100,2},RM(100),8E(100),0BDM(100),
SAL(100),AAA(100)

WS W N
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COMMON /HRBAAK/H(4)7R(4)1B(4)vKAK(4)pKA(4),&Z,BZ,[H(4)
INTEGER BLDAT.AANDK;ERSDR'STRFN.SLCRDoSURVLoAATEMP.SURFvFIRST.
1 UPPER,S1,S5T,SRW
REAL K'KAK,LAMBDA,LMAX,MH,MLEQMRpMSLpMSPoMV'MV[Ml
INITIALIZE ARRAYS
ITER = ITER+1
IH(1) = 1
IH{Z2) = 0O
INCCMPRESSIBLE CASE
IF(GAHoNE.l.S.DR.AR.NE.lOOO..UR.TIP.NEnloEé, GU TO 20
IEND = 1
GG TO 40
ADJUSTMENT OF PRINTING CCNTROL VARTABLES
20 IF(ITER.NE.1.AND.ITER.NE.2) GO TO 30

AANDK = AANDK-1
ERS(OR = ERSOR-1
STRFN = STRFN-1
SLCRD = SLCRD-1
INTVL = INTvL-1
SURVL = SURVL-1
30 IF(IEND.NE.O) GC TO 40
AANDK = AANDK+2
ERSUR = ERSOR+2
STRFN = STRFN+2
SLCRD = SLCRD+2
INTVL = INTVL+2
SURVL = SURVL+2

FIRST VERTICAL MESH LINE

40 CO 50 IP=1,nNBGI

AlIP,1) = 0.
A{IP,2) = 0.
AlIP,3) = 0O,
A(IPy4) = 1,
50 K(IP) = HM1=TBI/PITCH/ ({RM{1)+RM(2))/2.)

UPSTREAM OF BLADE, EXCEPT FOR FIRST VERTICAL MESH LINFE

IF(2.6T.MBIML) GO TO 70
CO 60 IM=2,MBIMI]
60 CALL COEFP(IM)

BETWEEN BLADES

70 CO 80 IM=MBI[,MB0O
80 CALL COEFBB(IM)

DOWRSTREAM OF BLADES EXCEPT FOR FINAL MESH LINE

150 IF{MBOP1.GT.MMML) GO TC 170
CO 160 IM=MBUP]1,MMM]
160 CALL COEFP{IM)

FINAL VERTICAL MESH LINE

L70 IVMM = [V(MM)
CO 180 IP=TvMM,NIP
Alre,1) 0.
A{IP,2) C.

o




A(IP,3) = 1.
ACIP,4) = 0.
180 K(IP) = —HML=TBO/PITCH/RM(MM)

TAKE CARE OF PUINTS ADJACENT TO B, AND CASES wWHEN POINTS JsCeEs OR F
ARE GRID POINTS

[aNeNaEaNel

POINT B
IP = IV(MBIM1)
A(IPs4) = 0.
C POINT C
IF{ITV(MBO,1)-ITV(MBO,2) +NBBI.NE.2) RETURN
IT = ITVIMBO,1)-1 '
IP = IPFIMBOPL,IT)
A(IP,3) = 0.
RETURN
END

SUBROUTINE COEFBB(IM)

COEFBB CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CONSTANTS, K
ALONG ALL VERTICAL MESH LINES WHICH INTERSECT BLADES

OO0

COMMON /AUKRHG/ A(2500,4),U(2500),K(2500),RHD(2500)

COMMON /INP/GAM, AR, TIP,RHOIP ,WTFL,0OMEGA,ORF,BCTAI,BETAG,REDFAC,

1 DENTOL s MBI g MBOy MM, NBB I, NBLsNRSP4MR(501},RMSP(50) 4BESP(50),

2 BLDAT, AANDK s ERSUR ¢y STRFNs SLCRD s INTVL s SURVL

COMMON /CALCON/ACTWT 3 ACTCMG, ACTLAM,MBIML,MBIPL,MBOML,MBOP1,MMMI1,
HML o HT yDTLR ¢ DMLRy P ITCH,CP,EXPON, TWW,CPTIP,TGROG,TB1,7B0,LAMBDA,
TWL, ITMIN, ITMAX NIP, IMS{2),BV{2),MV(100),IV(101),ITV(100,2},
TV(IOO'Z).DTDMV([OO,Z)'BETAV(IOOyZ)[MH(10012),DTDMH(100,2).
BETAH(100,2),RMH{100,2) ,BEH{100,2),RM(100),3E(100),0B80M(1001},
SAL(100),AAA(100)

COMMON /HRRAAK/H{4)Y,sR{4),Bl4),KAK{4),KA{4]),R2ZyBZIH(4)

INTEGER BLDAT,AANDK, ERSOR, STRF3, SLCRD,SURVL,AATEMP, SURF,FIRST,

1 UPPER,yS1,5T+SRW

REAL KsKAKyLAMBDASLMAX sMHyMLE ¢ MR ¢ MSL 4MSP MV, MV IM]

IF(ITVIIMy 1) JGT.ITV(IM,2)) RETURN

VSWN e

[TVU = ITVIIM,1)
IT = ITvy -1
ITvL = ITVIIM,2)

IPU = TPF{IM,ITVU])
IPL = TPU+ITVL-ITVU
CO 90 IP=IPU,IPL

IT = IT+1

CALL HRB(IM,IT,IP)
CO 10 I=1,4

KAK(I) = 0.

10 KA(I}) = O
C FIX HRR VALUES FOR CASES WHERE MESH LINES INTERSECT BLADES

60 IFULITJEQ.ITVIIM,1)) CALL BCRY12{1,IM,IT)
IF(IT.EQ.ITV{IM,2)) CALL BDRYI2(2,IM,IT)
ITVML = TTVv(IM-1,1)

ITVPL = TTV(IM+]l,1)
IF(ITLLTLITVML) CALL BLRY34(3,IM,1)
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IF{IT.LT.ITVPL) CALL B
IF{IT.GTLITV{IM-1,2))
IF(IT.GT.ITVIIM+1,2))

DRY34(4, 1M, 1)
CALL BDRY34(3,1IM,2)
CALL BDRY34(4,1IM,2)

70 IF(IM.EQueMBO.AND.LOWER.E(.2)
COMPUTLE A AND K COEFFICIENTS
80 CALL AAK(IM,IP)
CO 90 I=1.,4
KUIP) = K(IP)+KAK(I})*A(IP,])
90 IF(KA{I).EQ.1) AlIP,I) = O,
RETURN

CCEFP CALCULATES FINITE CIFFERENCE CUEFFICIENTS, A, AND CONSTANTS,

GO

TG 80

ALONG ALL VERTICAL MESH LINES WHICH DO NOT INTERSECT BLADES

ENTRY COEFP(IM)

ITVU = ITV(IM,1)

IT = ITvu-1

ITVL = ITV(IM,2)

IPL = IV(IM+1)-1

IPU = IV(IM)

CC 100 IP=IPU,IPL

IT = IT+]

CALL HRB(IM,IT,1P)
IF (IT.EQ.ITVU) R(1)
IF (IT.EQ.ITVL) R(2)
CALL AAK(IM,IP)
KUIPL) = K(IPL)+A{IPL,2)
KUIPU) = K(IPU)-A{IPU,1)
RETURN

END

100

SUBROUTINE HRB{IM,IT,IP)

RHO(IPL)
RHO(IPU)

HRB CALCULATES MESH SPACING, H, DENSITIFS, RZ AND Re AT GIVEN AND

ADJACENT POINTS,
AND ADJACENT PUINTS

AilD STREAM SHEET THICKNESSES,

BZ AND B,

COMMON /AUKRHU/ A(2500,4),U(12500),K(2500)4RHD({2500)

COMMON /CALCON/ACTHT,ACTUMG,ACTLAM.MBIMI,MBIPI,MBDMl.MBOPI.MMML,
HML,HT yDTLRyDMLRyPITCH,CP,EXPONy TWRoCPTIP,TGROG, TBI»TBUsLAMGDA,
TNL’ITMIN,ITMAX,NIP:IMS(?)'BV(Z)'MV(100)'IV(101)’ITV(100;2):
TV(IOO,Z),DTDMV(IOO,Z’.BETAV(100,2),MH(lOO-Z).UTDMH(IOOgZ)-
BETAH(IOO,Z)oRMH(lOOoZ)yBEH(lOO,Z),RM(IOO).BE(IOO).DBDM(IOO),

V3 W N e

SAL(100),AAA(100)

COMMON /HRBAAK/H(4)4R(4) 4BUL4) sKAK(4) 4KAT4) yRZ,BZsIHI4)

AT GIVEN

INTEGER BLDAT, AANDK, ERSOR, STRFi¥, SLCRDy SURVL , AATEMP , SURF,FIRST,

1 UPPER+S514+5T,SRW

REAL KsKAK,LAMBDALMAX MHyMLE MR ¢MSL,MSP, MV, MV M1

H{l)= HT#RM({IM)
F(2)= HT#RM(IM)

H{3)= MVIIM) - MV(IM-1)
H{4) = MV{IM+L)-MV(IM)
RZ = RHO(IP)

IP3 = IPF(IM-1,1T)

IP4 = IPF(IM+1,IT)

bl s

Ky
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R(1) = RHOUIP-1)
R{2) = RHO(IP+1)
R{3) = RHO(IP3)
R(4) = RHO(IP4)
8Z= BE(IM)

B(3)= BE(IM-1)
BEl4)= BE(IM+1)
RETURN

END

SUBRDUTINE AAK(IM,IP)

AAK CALCULATES FINITE DIFFERENCE COEFFICIENTS, A, AND CUONSTANT, K,
AT A SINGLE MESH POINT

COMMON /AUKRHO/ A{2500,4),U{2500),K(2500),RH0(2500)

COMMON /CALCON/ACTWT,ACTOMG,ACTLAM,MBIM]1,MBIP]1,MBOM],MBOP1,MMM],
HML ¢ HT y DTLR ¢ DMLRo PITCHyCP yEXPONo TWW,CPTIP o TGROG,TRI,TBU,LAMBDA,
TWLy ITMINS ITMAX,NIP,INMS{2),BVI{2),MV(100),IV{101),ITV(100,2),
TV{100,2)UTDMV(100,2),BETAVI100,2)yMH(100,2),DTDMH(100,2}),
BETAH(100,2) yRMH{100,2),BEH{100,2),RM{100),sE(100),DBDM(100)},
SAL(100),AAA(100)

COMMON /HRBAAK/HI{4)yR(4)Bl4)KAKI4)1KA(4),RZ,BZ,THI4)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL+AATEMP,SURF,FIRST,

1 UPPERyS1 ;5T SRHW

REAL KsKAK,LAMBDALMAX MHyMLE MR MSL MSP,MV,MVIM]

Al2= 2./HU1)/H({2)}

A34= 2./H(3)/H(4])

AZ= Al2+A34

B12= (R{2)-R{1)}/RZ/(H{L1I+H(2))

B34= (B{4)#R(4)~B(3)*R(3))/BZ/RZ/{H(3I)+H{4))-SALIIM)/RM{IM)

VPN -

ALIP,1) = (2./H(1)+B12)V/AZ/{H{1)+H{2))
A{IP,2) = AL2/AZ-A(1IP,1)

A(IP,3) = (2./H(3)+B34)/AZ/{H(3}+H(4})
A(IP,4) = A34/A7Z-A(1P,3)

K{IP) = —TWW*BZ=xRZ#SALIIM)/AZ

RETURN

END

SUBROUTINE BORY12(I,IVN,IT)

BORY12 CORRECTS VALUES COMPUTED BY HRB WHEN A VERTICAL MESH LINE
INTERSECTS A BLADE

COMMON /CALCON/ACTWY 3 ACTCMG,ACTLAM,MBIML1,MRIP1,MBOM] ,MBOPL,MMML,
HMI.HT,DTLR.DMLR,P[TCH,CP,EXPDN,THH,CPTIP,TbROG.TBI,TBO.LAMBDA.
TNL'ITMIN'ITMAX'NIP-[NS(Z).BV(Z)oMV(lOO)aIV(lOl)sITV(lOO:Z)v
TV(100.2).DTDMV(IOO,Z).HETAV(lOO,Z).MH(lOOrZ),DTDMH(lOO.Z),
SETAH(100,2)sRMH{ 100,2),BEH{100+2)RM(1001,8E1100),DBDMI100),
SAL{100),AAA(C100)

COMMON /RHOS/RHOHB(100,2),RHEOVBI100,2)

NN -
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COMMON /HREAAK/H{4)3R14) 4B(4)4KAK(4) yKA(4) 4RZ,BZ,1H(4)

INTEGER BLDAT;AANDK,ERSOR'STRFN.SLCRDoSURVL'AATEMP,SURF'F[RST-
1 UPPERyS1,S5ST,SRW

REAL KeKAKyLAMBDALMAX s MH, MLE, MR MSL,MSP, MV, MV M1

FOI) = ABS(FLOAT(IT)*HT-TV(IM,1))*RM(IM)
R{I)= RHOVR(IM,I)

KAK(I) = BV(I)

KA(l)=1

RETURN

END

SUBROUTINE BDKY34({I,IM,SURF)

BORY34 CORRECTS VALUES CCMPUTED BY HRB WHEN A HORIZONTAL MESH LINE
INTERSEZCTS A BLAUE

COMMON /CALCON/ACTNT'ACTUMG.ACTLAM.MBIMI.MBIPI,MBOMI.MBOPI,MMMI,
HMl,HT,DTLR,DMLR,PlTCH,CP,EXPDNoTNN.CPTIP,TGROG,TBI.TBO,LAMHDA.
TWLy ITMIN, ITMAX NIP,IMS(2)48V(2)4MV(100),IV(101),ITV(100,2},
rV(lOO,Z),DTDMV(IOO,Z),HETAV(100.2)'MH(IOO.Zl,DTDHH(IOO,Z).
BETAH(IOO.Z).RMH(lOOp?)'BEH(100.2).RM(lOO).bE(lOO),DBDM(lOO)o
SAL(100),AAA(100)

COMMON /RHES/RHOHBI{100,2),RHOVB{100,2)

COMMON /HRBAAK/H(4),RU4) 4B(4),KAK{4) ,KAL4) 4RZ,BZ,1H(4)

INTEGER BLDAT, AANDK, ERSOR, STRFN, SLCRD, SURVL , AATEMP , SURF,FIRST,

1 UPPER,S1,S5T,SRW

REAL KoKAK,LAMBDAJLMAX MH,MLE,MR,MSL ,MSP ,MV, MV M1
[H{SURF)=TH{SURF)+1

IHS=IH{SURF)

F{T)=ABS{MV{IM)-MH{IHS,SURF))
R{T)=RHOHB(IHS,SURF)

B{I}=BEH[IH5,SURF)

KAK(I) = BV(SURF)

KA(I)=1

RETURN

END

P W N -

SUBROUTINE SOR

SOR SCLVES THE SET OF STIMULTANEQUS EQUATIONS FOR THE STREAM FUNCTION
USING THE METHUD OF SUCCESSIVE OVFR-RECLAXATION

COMMON /AUKRHO/ A(2500,4),U12500),K(2500),RHO{2500)
COMMON /INP/GAM,AR,TIP,RKDIP,WTFL,OMEGA,ORF,BETAI,RETAO,REDFAC,
1 DENTOL 4MB1,M30,MM ,NBBI,NBL,NRSP,MR(50),RMSP{50),RESP(50),
2 ULDAT, AANDK+ERSCR 4 STRFN, SLCRD, INTVL, SURVL
COMMON /CALCON/ACTWT , ACTCMG,ACTLAM,MBIM1,MBIP1,MROM]L,MBOPL ,MMM1,
1 HMI o HT ¢ DTLRyDMLRyPITCHsCPEXPON, TWW,CPTIP,TGROG,TBI ,TRO,LAMBDA,
2 THLyTTMIN, [ITMAX NIP,IMS5(2},8VI{2),MV(100),IV{101),ITV(1G0,2),
3 TV{100+2)OTOMV{100+2)sBETAV{10042),MH[100,2),UTOMH(100,2),
4 HETAH({100,2),RMH( 1C0,2),8EH{100,42),RM{100),BE({1C0),DEDM{100),

kn&u&is‘i‘:‘sxﬁuiii&mhu;&ﬁ;h:j
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100

C CA

5 SAL{100),AAA(100)

INTEGER BLDAT,AANDK, ERSOR, STRFN,SLCRD,SURVL»AATEMP,SURF4FIRST,
1 UPPERsS1,5T,SRw

REAL KyKAK,LAMBDA,LMAX ,MHyMLE MR,y MSL ,MSP,MV,MVIM]
AATEMP = AANDK

IF {DRF.GE.2.) ORF=0.

IF(ORF.GT.1.) GU TO 50

CRF = 1.

CRFOPT= 2.

CRFTEM=0RFQOPT

LMAX = O.

IF{AATEMP.GT.0) WRITE(6,1010)

ERRCR = Q.

LVE MATRIX EQUATION BY SOR, OR CALCULATE OPTIMUM OVERRELAXATION
CTOR

IP =0

CO 120 TM=1,MM

IPU = IV(IM)

IPL = TV(IM+1)-1

IT = ITV(IM, 1)

IF(AATEMP,.GT.0) WRITE (6,1020) IM,IT
CO 120 IP=IPU,IPL

IP1 = IP-1

IP2 = IP+1
RRECT IPl AND I[P2 ALDNG PERIOCIC BOUNDARIES
IF{IM.GE.MBRI.AND.IM.LE.MBO) GO TO 60

IF(IT.EQ.ITV{IM,1)) IPL = IP1+NBBI
IF(IT.EQ.ITVIIM,2)) IP2 = IP2-NBBI
IT3 = IT

IT¢ = IT

[P3 = IPF(IM-1,1T3)

IP4 = IPF(IM+1,1T4)

IF{CRF.GT.1.) GO 70O 110
LCULATE NEW ESTIMATE FOR LMAX

UNEW = A(IP,1)#UCIPL)I+ALIP,2)#U(IP2)+A(IP,3)2U(IP3)+A[IP,4)*U([P4)
IF (UNEW.LT.1.E-25) U(lTIP) = 0O,

IF {U(IP).FW.0.) GO 7O 115

RATIO = UNEw/U(IP)

LMAX= AMAX1(RATIO,LMAX)

C{IP) = UNEW

G0 TO 115

C CALCULATE NEW ESTIMATE FCR STREAM FUNCTION BY SOR

110

120

CHANGE = ORF#(K(IP)-UUIP)+ALIP, L)#UlIPL)+A(IP,2)%UlIP2)+A{[P,3)*
1 UUIP3)+ALIP,4)#U(IP4))

ERRUR= AMAX1(ERROR,ABS(CHANGE))

L{IP) = ULIP)+CHANGE

IF{AATEMP.LE.O) GU TO 120

WRITE (6,1030) IT,IP,IPL,IP2,IP3,IP4,(A{IP,I),I=1,4),K{IP)
IT = [T+]

AATEMP = O

IF({CRF.GT.1.) GO TO 130

CRFCOPT= 2./{1.+SQRT(ABS(Ll.-LMAX}})

WRITE(6,1000) ORFOPT
[F(CRFTEM-ORFUPT.GT.200001.0R.0RFOPT.GT.1.999) GO TO 40
WRITE (6,1070)

CRF = DRFOPT

GO 7O 50

61



130 IF{ERSOR.GT.0) WRITE{6,1040) ERROR
IF{ERROR.GT..000001} GO TO 50
IF(STRFN.LE.O) RETURN

C
C PRINT STREAM FUNCTION VALUES FOR THIS ITERATION
C
WRITE (6,1050)
CO 140 IM=1,MM
IPU = IVIIM)
IPL = IV(IM+1)-1
ITVU = TITVIIM,I1)
WRITE (6,1020) IM,ITVU
140 WRITE (6,1000) (ULIP),IP=IPU,IPL)
RETURN
1000 FORMAT(24H ESTIMATED CPTIMUM ORF =,F9.6)
1010 FORMAT (82H1 IT Ip IP1 1P2 iP3 IP4 All) Al2)
1 Al3) A(4) K)

1020 FORMAT(SHKIM =,14,6X,6HITL = ,14)
1030 FORMAT(1X,14451645F10.5)
1040 FORMAT(8H ERROR =,Fl11.8)
1050 FORMAT{1H1,10X+46HSTREAM FUNCTION VALUES FOR REDUCED WEIGHT FLOW)
1060 FORMAT ({2X,10F13.8)
1070 FORMAT (1H1)
END

SUBROUTINE SLAX

SLAX CALLS SUBROUTINES TC CALCULATE RHO#W-SUB-M THROUGHUOUT THE REGION
AND ON THE BLADE SURFACES, 4ND TO CALCULATE AND PLOT THE
STREAMLINE LOCATIONS

[aEuEaNeNel

COMMON /AUKRHG/ A{2500,4),U(2500)+K{2500),RHO{2500)

COMMON /INP/GAM,AR'TIP,RHOIP,NTFL,OMEGA'ORF,BETAI,BFTAO.REDFAC,

1 DENTOL 4M31 s MBO, MM, NBBI4sNBL,NRSP,MR{50),RMSP{50) yBESP{50),

2 GLDAT, AANDK,ERSOR ¢ STRFN, SLCRD, INTVL , SURVL

COMMON /CALCON/ACTHT.ACTCMG.ACTLAM{MBIMI.MB[PIvMBOMl.MBDPl.MMMl'
HMI.HT.DTLR'DNLR,PITCH.CP,EXPUN,THW,CPTIP'TGRDG,TBI'TBG,LAMBUA,
THLvITM[N,ITMAX'NIPv[MS(Z)-BV(Z)'MV(100).[V(lOl)vITV(lOU:Z)v
TV(IOO;Z),DTDMV(IOO,Z)'BETAV(lOO,Z);MH(lOO,Z),DTDMH(lOO,Z),
BETAH(lOOyZ)vRMH(lOO.Z)oBFH(lOOvZ)vRM(lOO).bE(lOO)nDBUM(IOQ)y
SAL{100),AAA(100)

COMMON /SLA/TSL{600),UINT{6)

CIMENSION MSL{100),KKK(14),P{4)

COMMON /SURVEL/ WIB(10042)+WMB(100,2),XUOWN(400),YACROS(400)

CIMENSION N(2500),BETA(2500)1DUDT(2500)'DUDTT(Z500)1AAP(2500).

1 BBP{2500)

EQUIVALENCE (AyW) (Al{1,2),BETA),{A(1,3),DUDT)s(A(L+4),DUDTI),

1 (Ky AAP ), (RHO,BBP)

INTEGER BLDAT,AANDK,ERSOR,STRFN,SLCRD,SURVL,AATEMP'SURF,F[RST.

1 UPPERyS1,ST,SRw

REAL KyKAK,LAMBDA,LMAX MH,MLE MR yMSL,MSP MV, MVIM]

CATA (KKK(J)sJ=4,14,2)/6%1Hx/

VI & W NS e

C
C CALL SLAVP AND SLAVRB THROUGHOUT THE REGION
c
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ITvu= [Tv(1,1)
ITvi= ITVI1,2)
CO 10 IM=1,MBIM]

10 CALL SLAVP({IM,ITVU,ITvVL)
CO 20 IM=MBI,MB0
I= 0

20 CALL SLAVBB(IM)

30 ITvy = ITVIMBUPL.1)
ITVL = ITVIMBOPL1,2)
CC 100 IM=Mi{OP1,MM

100 CALL SLAVP(IM,ITVU,ITVL)

PLOT STREAMLINES
IF (SLCRD.LE.O) RETURN

£0 110 [M=1,MM
110 MSLIIM) = MV{IM)

KKK(1) = 7
KKK(2) = 6
KKK{3}) = MM
P(1) = 1.
F(3) = 0.
P(4) = 0.

WRITE{6,1000)

CALL PLOTMY{MSL,TSLsKKK,P)
WRITE(6,1010)

RETURN

1000 FORMAT {2HPT,50X,40HSTREAMLINE PLOTS FOR REDUCED WEIGHT FLOW)
1010 FORMAT (2HPL,40X,7OHSTREAMLINES ARE PLOTTED WITH THETA ACRUSS THE

LPAGE AND M DOWN THE PAGE)
END

SUBROUTINE SLAV

SLAV CALCULATE, RHO#W-SUB-M THROUGHOUT THE REGION AND ON THE BLADE
SURFACLS, AND CALCULATES THE STREAMLINE LOCATIONS

COMMON SRW,ITER,TEND,LER(2)NER(2)

COMMON /AUKRHO/ A(250C,4),U(2500),K(2500),RHO(2500)

COMMON /INP/GAM,AR,TIP,RHOIP ,WTFL,OMEGA,ORF,BETAI +BETAO,REDFAL,
1 DENTOL s MBI, MB0O,MM,NBB I, NBL,NRSP,MR{50),RMSP(50},BESP{50),
2 SLDAT, AANDKERSORy STRFNySLCRD, INTVL, SURYL

COMMON /CALCON/ACTWT  ACTGMG, ACTLAM,MBIM1 ,MBIP},MBOML,MBOPL,MMM], -
1 HML ¢ HT s DTLR y DMLR, PITCH,CP,EXPON, TWWCPTIP,TGROG,TBI,TBO, LAMBDA,
2 TWL ITMIN, [TMAX,NIP,INS{2),BV(2)4MV(100),IV(101),ITV(100.,2),
3 TV(100,2),0TOMV(100,2),BETAV(100,2),MH(100,2),DTDOMH(100,2},
4 BETAH({100,2)sRMH{1G0,2),BEH{100,2),RM{100),8E(100),DBDM(100},
5 SAL(100},AAA(1CO)

COMMON /SLA/TSLI(600)UINT(6)

CIMENSION TSP{50),USP(50),TINT(6),DDT(50)

COMMON /SURVEL/ WTB(100,2),WMB{100,2)¢XDOKN{400),YACROS(400])
CIMENSTION W(2500),BETA{2500),DUDT(2500),DUDTT(2500),AAP{2500],

1 BBP (2500}

EQUIVALENCFE (A,W) {A(1,2),BETA),{Al1,3),0UDT),(Al1,4},DUDTT),

1 {Ky AAP) , (RHC,BBP}

INTEGER BLDAT,AANDK, ERSOR, STRFN,; SLCRD, SURVL, AATEMP, SURFFIRST,

63
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1 UPPERsS1,5T+SRW
REAL Ky KAK,LAMBDA,LMAXsMH,MLE, MR, MSL,MSP , MV, MV M}

SLAVP CALCULATES ALONG VERTICAL MESH LINES WHICH DO NOT
INTERSECT BLADES

ENTRY SLAVP(IM,ITVU,ITVL)

LOC= 0

NSP= TTVL-ITVU+2

IP = IVIIM)-1

CO 10 IT=1,NSP

IP = IP+1

TSPLIT) = FLOAT(IT+ITVU~-1)#HT
10 LSP(IT)= U(IP)

USPINSP) = USP(1)+1.

IP = IVIIM)

INTU = INT{U(IP)*5.)

IF {U(IP).GT.0.)} INTU=INTU+1

CO 20 J=1,5

UINT(J) = FLOAT{INTU)} /5.
20 INTU = [NTU+1

LINT(6) = UINTI(1)

GO TO 100

SLAVBB CALCULATES ALONG VERTICAL MESHLINES WHICH INTERSECT BLADES
ENTRY SLAVBEG(IM)

LOC= 1
ITVUPL = ITVI(IM,1)
ITVLML = ITV{IM,2)

ITVU = ITVUPL1-1
ITVL = [TVLM1+1

ASP = ITVL-ITVU+1
TSP({1) = TV(IM,1)
TSPINSP) = TV{IM,2)
USP({1) = BVI(l)
USP(NSP) = BV(2)

IP = IVIIM)-1

ASPM1 = NSP-1
IF(2.GT.NSPML) GO TO 70
CC 60 IT=2,nSPM]

IP = IP+]

TSPUITY = FLOAT{IT+ITVU~]1)#*HT
60 USP(IT) = Uu(lIP)
70 CO 80 I=1,6
80 UINTI(I) =

|
FOR BOTH SLAVP AND SLAVBB, CALCULATE RHO#W-SUB-M [N THE REGION, AND
RHO*W AT VERTICAL MES$ LINE INTERSECTIONS ON THE 8LADE SURFACES

{
100 CONTINUE
CALL SPLINEITSP,US pNSP,UDT, AAA)

IT = LOC

IPU = IVILIM)

IPL = IV(IM+1)-1
CO 110 IP=IPU,IPL
IT = IT+1

CUDT(IP) = DOTIIT)
110 CUDTTIIP) = AAA{IT)
120 IF {LOC.EQ.0) GO TO 130
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WM {IM,1) = DDT( 1)#WTFL/BE(IM)/RMUIM)

WMB(IM,2) = DDT(NSP)I#WTFL/BECIM)/RM{IM)
RMDTU2 = {RM{IM)*DTDMV(IM, 1) )#=2
RMDTL2 = (RM{IM)#DTOMV(IM,2) )22

IF (RMDTU2.GT.10000.) WMB(IM,1) = O.
[F (RMDTLZ2.GT.10000.) wMB(IM,2) = O.
WMB(IM,1) = ABS{WMB(IM,1))#SQRT{1.+RMDTUZ)
WMB(IM,2) = ABS{WMB(IM,2))=SQRT(1.+RMDTL2)
130 IF (SLCRD.LE.O) RETURA
N =6
CALL SPLINT{USP,TSPyNSP,UINT,N[,TINT,AAA)
CC 140 J=1,6
L= (J-1)#MM+IM
140 TSLIL)= TINT(J)
IF (IM.EQ.1l) WRITE(6,1000)
WRITE(6,1010) MV(IM) 4 (UINT(J),TINT(J)sJ=1s6)
RETURN

1000 FORMAT(1H130X,46HSTREAMLINE COORDINATES FOR REDUCED WEIGHT FLOW/

1 1HL y4X ¢ 12HM COORDINATE,3(7X, LOHSTREAM FNey LOXySHTHETA,4X)//)

1010 FORMAT(IX,7018.7/119X+66G18.7))

END

SUBROUTINE TANG

TANG CALCULATES RHO#W—SUB-THETA AND THEN RHC#W THROUGHDUT THE REGION
AND ON THE BLAUE SURFACES, AND CALCULATES THE VELUCITY ANGLE, BETA,
THRCUGHDUT THE REGION

COMMON SRW,ITER,IEND,LER{2),NER(2)
CCMMON /AUKRHG/ A(250C,41,U{2500),K(2500),RHO{2500)
CCMMON JINP/GAM, AR, TIP,RHOIP yWTFL,JMEGA,ORF,BETAT, BETAD,REDFAC,
1 DENTOL MBI o MBO oMMy NBB I, NBLyNRSP¢MR150) 4RMSP(50) »BESPI50),
2 HLDAT, AANDK y ERSOR s STRFN,SLCRD, ENTVL,, SURVL
COMMON /CALCON/ACTWT, ACTCMG, ACTLAM,MBIML,MBIPL,M80M1,MBOPL,MMMIL,
HMl.HT,DTLR,DMLR.PITCH,CP.EXPON'TWN.CPTIP.TuROG,TBI,TBD,LAMHDA.
TWL s ITMIids ITMAXoNIP,IMS{2)48V(2)4MV(100),IV(101)4ITV(100,2),
TV(100,2),DTDMV (100,21, BETAV(100,2)4MH( 100,2),DTDMH{100,2),
SETAH{L004+2) s RMH{ 100, 2) yBEH(100421,RM(100),6E(100),DBDM(100),
SAL{100),AAA(100)
COMMON /SURVEL/ WTB(1G0,s2) +WMB{100+2)4XDOWN{400),YACROS5{400)
CCMMON /RHOS/RHOHB{100,2)1,RHCVB(10042)
CIMENSTON W{2500),8ETA(2500),DUDT{2500),DUDTT(2500),AAP(25001),
1 RBP{ 25001} )
EQUIVALENCE (AsW)s(AL1,2),BETA),(A(1,3),0UDT),(A(L,4),DUDTT),
1 {K,AAP}, (RHO,BBP) '
CIMENSION SPM{100),USP{1C0),DDT(100),DUDMI100),DUDMM{L00),
1 CUDTMIL00)
CIMENSION DWDM(L100),WIP{100)
INTiGER BLDAT,AANDK.ERSDR.STRFN.SLCRD'SURVL.AATEMP,SURF.FIRST-
1 UPPER,S1,ST,S5RW
REAL KoKAKyLAMBDALMAX 4MHyMLFEyMRyMSL4MSP,MV,MVIM]
EXTERNAL BL1,BL2

VTN e

PERFORM CALCULATIONS ALONG CNE HORIZUNTAL LINE AT A TIME
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10

ON

20

IT = ITMIN

IF {IT.GT.ITMAX) RETURN

S1 =0

THE GIVEN HURIZONTAL MESH LINE, FIND A FIRST POINT IN THE REGION
TF(IT.GE.Q.ANDL.IT.LT.NEBI) GO TO 60

IM = MBIM]

IM= IM+1

IF{IM.GT.MBU) GO TO 200

SURF = 1

IF(ITOGESTTVIIMy 1) ANDLITLLTLITVIIM=1,1)) GO TQ 70

TF(IM.FQ.MRBUPL.ANOTT.EQ.ITVIMBU,1)~1.AND.ITVIMBO,1)-ITVIMBO,2)
+NBBIl.EQ.2) GO TO 70

SURF = 2

IF(ITeLESTITVIIM, 2) JAND.ITLGTLITV(IM=1,2)) GO TQ 70

GO 10 20

FIRST POINT IS CN BOUNDARY A-H

60

IMl= 1

IM =1

SPMI1) = MV(1)
LSP (1) = U(IT+1)
GO T0 90

FIRST POINT IS ON A BLADE SURFACE

70

S1 = SURF
IM1 = IM-1
IMZ2 = IM

TH = FLOAT(IT)*HT

MVIML = MVIIML)

TF (IM.EQ.MLIPL) MVIMI = MVIMLI+{MV(IM2)~MVIM1)/1000.

LER{2) = 5

BLCO (VIA RCOT) CALL NC. 5

IF(51.FQ. 1. AND.IM1.NE.MBO)CALL ROOT{MVIM1 s MVIIMZ), TH,BL1,DTLR,
ANS, AAA)

LER{2) = 6

BLCD (VIA RGOT) CALL NO. 6

TF(S1.EQ.2)CALL ROOT(MVIML ,MV(IM2),TH,8L2,DTLR,ANS,AAA)

IF(S1.EQ.1.ANU.IMI.EQ.MBC) ANS = MV{MBG)

SPM(IM1) = ANS

USP(IM1)= BV({S1)

MOVE ALONG HORIZONTAL MESH LINE UNTIL MESH LINE INTERSECTS BOUNDARY

90

120

[F{IM.LT.MBILORLIMGTLMBUY GO TD 120

SURF = 1

TFUIT LT ITV(IM,SURF) JAND.IT.GELITV(IM-1,SURF)} GO TO 140
SURF = 2

IF(ITGT ITV(IM, SURF) JANDLIT.LELITV(IM=1,SURF)) GO TO 140
SPMUIM) = MV({IM)

IP = IPF(IM,IT)

LSP(IM) = U(IP)

IF (IMJEQ.MM) GO TO 130

M= [M+]

GC 70O 90
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C
C
C

C
C
C

C
C
C

c
C
C

FINAL POINT IS ON BOUNDARY D-E

130

IMT = MM
GO TO 150

FINAL POINT IS ON A BLADE SURFACE

140

150

ST = SURF

IMT=1IM

IMTMI= IMT-|

TH = FLOAT(IT)®HT

MVIM1 = MV(IMTM])

IF {IM.EQ.MBEIPL) MVIML = MVIML+{MV({IMT)-MVIM1}/1000.

LER{2) = 7

BLC) [VIA RCOT) CALL NC. 7 ’

IF(5TeFQel e ANDS IMTNELMBIICALL ROOT{MVIMI yMVIMT), TH,BLL,
UTLRANS,AAA)

LER{Z2) = 8

BLCH {VIA ROOT) CALL NO. 8

IF{5T.EQ.2)CALL ROAOT(MVIVM] MV{IMT), TH,BL2,DTLR, ANS,AAA)

[F(5TeFQ.1.AND.IMIEQ.MBI) ANS = MVIMBI)

SPM{IMT) = ANS

USPLIMT)= BVI(ST)

NSP= [MT-IML+1

CALL SPLINE(SPM{IML),USP(IML},NSP,DUDM(IML),DUDMM{IML))

CALCULATE RHO*w ON THE BLADFE SURFACES

160

FIRST=1

LAST= MM

IF(IMI.FQ.1) GO TO 160

FIRST = IM2

CALL SEARCH (SPM{IM1},S1,IHS)

ANS =-DUDM(IML)*«WTFL/BEH{IHS,51)

WTIB({IHS,S1) = ABS(ANS)#SCRT{1.41./(RMH(IHS,S1)#*DTOMH{IHS,S51))#x2)
COT{IML) =-DUDM{IML}/CTDMHUIHS,S51)

WIP(IM1) = wTB(INS,S1) / RHOHBUIHS,S51)

IF(IMT.CQ.MM) GO TO 170

LAST = [MTMI

CALL SEARCH (SPM({IMT),ST,IHS)

ANS =-DUDM(IMT}«WTFL/BEH(IHS,5T)

WTB(IHS,ST) = ABS(ANS)®#SCRT(1.+1./(RMH(IHS,ST)eDTDMHIIHS,,ST) ) #w2)
COT(EMT) =~DUDMIUIMT)/CTDOMHIIHS,S5T)

WIP{IMT) = WTB{IHS,ST) / RHOHB{IHS,S5T)

CALCULATE RHO#W-SUB-THETA AND THEN RHO=W ANC BETA IN THE REGION

170 TIF(FIRST.GT.LAST) GO TO 130

CO 180 I=FIRST,LAST
IP = IPF{I,IT)
COT{L) = DULTLIP)
RWM = DDT(II/RMLIT)
RWT =-DUDMI(I)

W{IP) = SQRTIRWT®#2+4RkMe#2)/BL(I)#WTFL
TWLNR = 2. *UMEGA=LAMALA- (OMEGA*RM(T ))##2
LER(]1) = 5

CENSTY CALL NO. S ' ,
CALL DENSTY(W{EP)sRHO(IP)yANS, TWLMR,CPTIP,EXPUNsRHOIP,GAM,AR,TIP)

w{I0) = ANS
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WIP(I) = W(IP)
BETA(IP) = ATAN2(RWT,RWM)#57.295779
180 CONTINUE
IF(IEND.LT.0) GO TO 190
CALL SPLINE (SPM(IML),COT(IML),NSP,DUDTM{IML},AAA(IML))
CALL SPLINE (SPM{IML) WIP{IMI),NSP,OWDM{IM]},AAA(IM]))
CO 185 I=FIRST,LAST
IP = IPF{I,IT)
SBETA = SIN{(BETA(IP)/57.295779)
CBETA = SQRT(Ll.-SBETA#x2)
AAP(IP) = SbETA##2e(2 ,#DUDTM(L)/DUDM(I)~DUDTIIP)}/DUDM(L) #%2s
1 DUDMMUT)-DUDTT(IP)/DUCT(IP) )+SAL(T)*SBETA/CBETA#(1.+C3ETA®%2)
BBP(IP) = RM(I)/CBETA#(2.#ACTOMG*SAL{T)+SBETA#DWDM(I)/REDFAC)
185 CONTINUE
190 CONTINUE
IF{IMT.NE.MM) GO TO 20
200 IT = IT+1
GO 10O 10
END

SUBROUTINE SEARCH (DIST,SURF,IS)
C
C SEARCH LOCATES THE POSITION OF A GIVEN VALUE OF M IN THE MH ARRAY
C
COMMON /CALCUN/ACTNT'ACTDMG,ACTLAM,MB[MI,MﬂlPl,MBUMl,MBUPl'MMMI,
HMI,HT,DTLR,DMLR.PITCH'CP'EXPON,THNgCPTIP,TGRUG;TB[-TBDvLAMBDA.
THL.TTMINyITMAX.NIP-IMS(Z)'BV(Z)yMV(lOO):[V(lOl)vITV(lOO'Z),
TV(10002)9DTDMV(100’2).BETAV(IOOvZ)vHH(100'2).DTDMH(10012)0
HETAH(100,2),RMH(100,2),BEH(IOOyZIgRM(lOO)ybE(IOO)pDBDM(lOO),
SAL({100),AAA(100)
INTEGER BLDAT;AANDK,ERSUR,STRFN.SLCRD,SURVL,AATEMP,SURF,FIRST,
1 UPPER,S1,ST,4SRW
REAL Ky KAKyLAMBDA, LMAX,MH, MLE, MRy MSL,MSP,MV,MVIML
CO 10 [=1,100
IF {ABS{MH{I,SURF)-DIST)}.GT.DMLR) GO TU 10
IS = 1
RETURN
10 CONTINUE
WRITE (6,1000) DIST,SURF
sTup
1000 FORMAT (38HL SEARCH CANNCT FIND M IN THE MH ARRAY/TH DIST =,Gl4.6,
110X,6HSURF =,G14.6)
END

18N e
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SUBROUTINE VELOCY

VELCCY CALLS SUBROUTINES TO CALCULATE DENSITIES aND VELOCITIES
THRCUGHOUT THE REGION AND ON THE BLADE SURFACES, AND IT PLOT>
THE SURFACE VELCCITIES

COMMON /AUXRHC/ A{2500,4),U(2500),K(2500),RHO(2500)

COMMON /INP/GAM, AR, TIP,RHOIP ,WTFL,0MEGA,QRF,BETAI,BETAOQ,REDFAC,
1 DENTOL WMST s MBO MM, NRBT,NBLsNRSP4MR(50),RMSP150) «BESP{50),
2 BLDAT , AANDK,ERSORy STRFN,SLCRD» INTVLy SURVL

COMMDON /CALCON/ACTWT 4y ACTCMG, ACTLAM,MBIM] ,MBIP]1,MROM1,MB0P1,MMMIL,
1 HML yHT yDTLR 4 DMLRy PITCH,CP,EXPONy TWW,CPTIP,TGROG, TBI,T80,LAMRBDA,
2 TWLy ETMING ITMAX NIP,IMS(2)+BV(2)MV(100),IV(101)sITVI100,2),
3 TV{10042),0TDMV(100,2),BETAV{10042),MH(100,2),0TDMH{100,2),
4 BETAH(10042) yRMH{1CO, ) 4BEH{100,2),RM{100)},8E(100),DRDM{100},
5 SAL{100}),8AA(100])

CIMENSION KKK{14)

COMMON /SURVEL/ WTB(100,2) yWMB(100,2),XDOWN{400),YACROS(400)
CIMOCNSTION W(2500),BETA(2500),DUDT(2500),DUDTT(2500),AAP {2500},

1 BBP(2500)

FQUIVALENCE (A.w) o (A(L142)sBETA),{A(L1,3),0UDT},(A(1,4),DUDTT),

1 {K,AAP), (RHO,BBP)

INTEGER BLDAT,AANDK, ERSORySTRFN, SLCRD s SURVLyAATEMP, SURFFIRST,

1 UPPER, 51,57 ,SRW

REAL KeKAK,LAMBDA,LMAX,MH;MLF,MRy,MSL,MSP,MV,MVIM]

CATA KKK{4)/LH#®/,KKK(6)/1HO/ KKK{8)/1H+/,KKK(1Q)/1HX/

CALL VELP, VELBB, AND VELSUR THROUGHOUT THE REGIUN

IF(INTVL.GT.O)CALL VELP(1,MBIMI1)
CALL VELBBIMBI,MBO)

20 TF{INTVL.GT.O)CALL VELP(MBOP1,MM)
CALL VELSUR

PREPARE INPUT ARRAYS FOR PLOT OF VELOCITIES

IF(SURVL.LE.O) RETURN
NP2 =0

TANGENTIAL COMPONENTS
CC 50 SURF=1,2
NP1 = NP2
IMSS = IMS({S5UKRF)
IF(IMSS.LT.1) GG TO 40
LO 30 IHS=1.,IMSS
IF (ABS(DTDMH(TIHS,SURF}#RMH{IHS,SURF}).LT..57735) GO TN 30
NP1 = MPL+1
YACROS(NP1) = WTB{IHS,SURF)
XDOwWN{NP1) = MH{IHS,SURF])

30 CONTINUE

40 KKK(2#SURF+1)} = NPL-NP2

50 NP2 = NP1

MERIDIONAL COMPUNENTS

CO 80 SURF=1.2
NPl = NP2
{C 40 IM=MEIP]1,MBOM]
IF (ABS{DTDMV(IM,SURF)#RM{IM)).GT.1.7321) GO TU 60
NPL = NPLl+1
YACROS(MPL1) = WMB(IM,SURF)
XDOWN(NPY1) = MV(IM]}

60 CONTINUE
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70 KKK{2#SURF+5) = NPLl-NP2
80 AP2 = NPI1

PLOT VELOCITIES

KKK{1)}
KKK (2)
P = 5,
WRITE(6,1000)

CALL PLOTMY [ XUOWN,YACRUS KKK ,P)
WRITE(6,1010)

RETURN

1
4

1000 FCORMAT(2HPT,50X,48HBLANE SURFACE VELOCITIES FUR REDUCED WEIGHT FLO

1010 FORMAY

[z NaEalel

[alaNeNe]

70

1hw)

1(M) DOWN THEL PAGE /2HPL/

2 ZHPL,50X,50H+ - BLADE SURFACE

3 2HPL,50X,50H* - BLADE SURFACE

4 ZHPL +50X,50HX - BLADE SURFACE

5 ZHPL ,50X,50H0 — BLADE SURFACE
END

SUBROUTINE VEL

(ZHPL +37X,63HVELOCITY (W) VS,

L,
1,
2
24

MERIDIONAL STREAMLINE DISTANCE

BASED ON MERIDIONAL COMPONCNT/
BASED ON TANGENTIAL COMPONENT/
BASED NN MERIDIONAL COMPONENT/
BASFD ON TANGENTIAL COMPNONDSNT)

VEL CALCULATES ODENSITIES AND VELOCITIES FROM THE PRODUCT OF

DENSITY TIMES VELOCITY

COMMON SRwW,ITER,IENDsLER(2),NER(2)

COMMON /AUKRHO/ A{2500,4),U(2500),K{2500),RHO[2520)

COMMON /INP/GAM.AR.TIP.RHO[P,WTFL,OMEGA,GRF,BETAI,RETAD,REDFAC;

1 CENTOL MBI MBO, MMy NBB I, NBL,MRSPyMR(50) yRMSP(50) 4HESP(50),

2 HLDAT s AANDK,ERSORy STRFN ¢ SLCRD4 TNTVL, SURVL

COMMON /CALCON/ACTWT s ACTCMG, ACTLAM,MBIM]L ,MRIP]1,M80OM], MBOPL ,MMM1,
HMLyHT , DTLRyUMLRy PITCH,CPyEXPON, TWW,CPTIP, IGROG,TRI,TBO,LAMBDA,
TALy TTMINS, ITMAX,NIP, IMS(2),BVI2),MVILI00) ,IVI1I01),ITVI100,2),

BETAH(1004+2) yRMH{10042) 4BEH(100421,RM(100),5E(100),DBDMI100),

1

2

3 ITV(100,2),0UTOMV{100,2),BETAV(100,2),MH({100,2),0TOMH(100,2),
4

5

SALU100),AAA(1U0)

COMMON /RHOS/RHOHB(100,2),RHOVB(100,2)

CIMcNSION WWCRM{100,2) 4WwWCRT[100,2),SURFL{100,2)

COMMON /SURVEL/ WTB{100,2) +WMB(1004+2),XDOWN(400),YACROS(400)
CIMINSTON w(2500),BETA(2500),DUUT(2500),DUNTT{2500),AAP(2500),

1 £EBP {2500}

EQUIVALENCE (A,W),(A(1,2),BCTA),(A(L,3),DUDT),(A(L,4),DUDTT),

1 (KeAAP )}, (RHU, BBP)

VELP CALCULATES ALUNG VERTICAL MESH LINES WHICH ud NOT

INTERSECT BLADES

ENTRY VELP{FIRST,LAST)

INTEGER BLDAT,AANDK,ERSOR, STRFN,SLCRD,SURVL s AATEMP , SURF ,FIRST,

1 UPPERyS1,4S57)SRwW

REAL K, KAK,LAMBDA,LMAX Mt MLF MRy MSLyMSP MV, My [M]

IF(FIRST.GT.LAST) RETURN
IF {FIRST.EU.1) WRITE (6,1000)
CO 20 IM=FIRST,LAST




O C

20

IPU = TVIIM)

IPL = TPU+NEBI-1

WRITE (6,1010) IM,{(W(IP),BETALIP),IP=IPU,IPL)
CONTINUE

RETURN

VELER CALCULATES ALONG VERTICAL MESH LINES WHICH INTERSECT BLADES

30

ENTRY VELBB{FIRST,LAST)
IF(FIRST.GT.LAST) RETURN
IF (FIRST.NE.MBI) GO TO 30
RELEZR = .0
SURFLIMBI,1)
SURFLIMBE,2)

O.
Oe

1]

CO 70 IM=FIRST,LAST

ITVvU = ITV(IM, 1)

ITVL = ITV(IM,2)

IPUPL = IPF(IM,ITVU)

IPLNM]1 = IPFLIM,ITVL) B

TWLMR = 2.*0MEGASLAMBDA- (OMEGA®RM(IM))=»2

WCR = SART(TGROG*TIP* (1.-TWLNMR/CPTIP))
IF (ITVL.LT.ITVU} GO TOQ 50

ALCAG THE LINF BETWEEN BLADES

ON
50

IF (INTVL.LE.O) GO TO 50

WRITE (6,1010) [My (W({IP),BETALIP),IP=IPUPL,IPLML)

THE UPPER SURFACE

RHOB = RHOVB(IM,1)

LER(1)=6

CENSTY CALL NO. 6

CALL DFNSTY(HMB(IM,I).RHGVB(IM,l),ANS,TWLMR.CPT[P,EXPUN,RHU[P,
1 GAM, AR, TIP)

WMB ([My1) = ANS

WWCRM{IM, 1) = WMB{IM,1)/WCR

IF(IM.EQ.MBI) GO TO 6C

CELTV = TV(IM-1,1)-TV(IM,1)

SURFLIIM,1) = SURFL{IM=1,L)+SQRT({MV[IM)-MV(IM-1))=x2+
1 {DELTVH#{(RM{IM)+RM{ IM-1))/2.) 2]

60 RELER = AMAXI(RELEQ.ABS((RHDH“RHCVB(IM'I))/RHUVB([M.I)))
ON THE LOWER SURFACE

RHOZ = RHOVBIIM,2)

LER(L)=7

CENSTY CALL NO. 7

CALL DENSTY(HMB(IM.Z),RHCVR(IM.Z),ANS.TWLMR,CPTIP.EXPDN.RHO[P,
1 GAM, AR, TIP)

WMB{IM,2) = ANS

WWCRM(IM,2) = WMB(IM,2)/WCR

IF{IM.EQ.MBI) GO TO 70

CELTV = TV(IM-1,2)-TV(IM,2)

SURFLIIM,2) = SURFLITIN=1,2)+SQRT{{MV(IM)-MV(IM-1))=x2+
1 [DELTY* (RM{IM)+RM(IM=1))/2.)%=2)

70 RELER = AMAXI(RELER,ABS((RHDR—RHOVB(IM.Z))/RHOVB([Mu2|))

RETURN

VELSUR CALCULATES ALONG A BLADE SURFACE

ENTRY VELSUR

£O 90 SURF=1,2

IMSS = IMS({SURF)
[F{IMSS.EQ.v) GO TO 90
€0 30 IHS=1,IMSS
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TWLMR = 2.%(0MEGA*LAMBCA- (OMEGA®*RMH[ IHS, SURF) ) ®*2
hCR = SQRT(TGROG*TIP#(1.-TWLMR/CPTIP))

RHOH® = RHOHB({IHS,SURF)

LER(1)=8

C CENSTY CALL NGC. 8

[aEaNel

72

CALL DENSTY(NTB(IHS.SURF).RHOHB([HS.SURF).ANS,THLMR,CPTIP,

1 EXPONSRHOIP,GAMAR,TIP)

WIB{IHS,SURF) = ANS

PWCRT(IHS,SURF) = WIB(IHS,SURF)/WCR
80 RELER = AMAXL1(RELERy ABS( {RHOR~RHOHB (IHS, SURF) ) /RHOHA [ IHS 4 SURF) ) )
90 CONTINUE

IF(RELER.LT.DENTOL) IFND = [END+1

WRITE(6,1080) ITER,RELER

WRITE ALL BLADE SURFACE VELOCITIES

IF (SURVL.LLC.0) RETURN
WRITE(6,1020)
WRITE(6,1040) {MVOIM) yWMB{IM,1)},BETAVIIM,1)SURFLIIM,1),
1 HNCRM(IM,[),WMB([MfZ)1BETAV(IM'2)'SURFL(IM-Z)'NNCRM(IMvZ)'
2 IM=MBI ,MB0)
WRITE(6,1050)
CO 100 SURF=1,2
IMSS = IMS{SURF)}
IF{IMSS.LT.1) GO TO 100
WRITE(6,1060) SURF
WRITE(6,1070) (MHUIHS»SURF) ¢ WTB{IHS,SURF),BETAHI{IHS,SURF),
1 WHCRT{IHS«SURF), IHS=1,IMSS)
100 CONTINUE
RETURN
1000 FORMAT(IH1/40X,34HVELOCITIES AT INTERIOR MESH POINTS/745X,
1 23HFOR REDUCED WEIGHT FLOW)
1010 FORMAT{1HL,3HIM=,13,5(24H VELOCITY ANGLE(DEG))/
1{5X,5(615.4,F9.21})))
1020 FORMAT({1H1/16X,IH*,18X,71HSURFACE VELOCITIES BASED ON MERIDIONAL C
1CMPONENTS ~ REDUCED WEIGHT FLOW 18Xy 1H®/ 16X, 1H® 453X, LH®#53X,1H*/
2 16Xy 1H#, 19X, I5HBLACE SURFACE 1,19X,1H=,20X, 15HBLADE SURFACE 2y
3 lBXolH'/?XolHMvgx'1H*12(3X’BHVELUC[TYv3X-23HANGLE(DEG) SURF. LE
4NGTH y5X s SHW/WCRyH6X g1 H=) )
1040 FORMAT((1H ¢GL3.443H #,2(612.44F9.2,2G15.493H %)))
1050 FORMAT{1H1/3X,49HSURFACE VELOCITIES RASED ON TANGENTIAL COMPONENTS
1 /18X, 19HRECUCED WEIGHT FLOW)
1060 FORMAT(//22X,15HBLADF SURFACE 2 I1/77Xys 1HM, 10X, BHVELDCITY,3X,y lOHANG
LLE(DEG) »3X+5HW/WCR)
1070 FORMAT{IH ,2G13.4,F9.2,G15.4}
1080 FORMATI[14HLITERATION NO.4sI3,3X,36HMAXIMUM RELATIVE CHANGE IN DENSI
1TY =,G11.4)
END
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SUBROUTINE TVELCY

COMMON SRW,ITER,IEND,LER(2),NER{2)

COMMON /AUKRHO/ A(2500,4),U(2500),K(2500),RH0O(2500)

COMMON /INP/GAM,AR'TIP'RHOIP.NTFL.DMEGA,ORF.BETAI.BETAO.REDFACv

1 DENTOL.MBX'MBO,MM,NBB[,NBL,NRSPyMR(SO)1RMSP(50).BESP(SO).
2 HBLDAT , AANDK ,ERSOR y STRFN ¢ SLCRO, INTVL » SURVL

COMMDN /CALCON/ACTNT,ACTUMG,ACTLAM,MBIMI,MBIPl.MBOMl,MHﬂPl.MMMl,
HMl.HT.DTLR.DMLR'PITCH-CP-EKPON.TNH.CPT[P.IGRUG,TB[,TBO.LAMBDA,
THL'lTMINylTMAXyN[P:IFS(Z),HV(Z):MV(100).IV(101),[TV(100'2),

HETAH(lOO,Z).RMH(100,2).BEH(100,2),RM(IOO),QE(lOD),DBDM(IOO).

1
2
3 TV(100'2),UTDMV(IOO'Z).BETAV(lOO.Z).MH(lOO,Z).UTDMH(lOO.Z)v
&4
S

10
20
30
40

50

SAL(100),AAA(100)
COMMON /WWCRM/WWCRM{1C0,2),LABEL(100)
COMMON /SURVEL/ WTBL100,2) yWMBI{100,2) 4 XDOWN{400),YACROS{400)
CIMENSTON N(ZSOO),BETA(ZSOO).DUDT(ZSOO),DUDTT(ZSOO).AAP(ZSOO).

L #BP(2500)

FQUIVALENCE (A,W),(A(l,Z).BETA).(A(1,3),DUDT),(A(1.4),DUDTT)v

1 (Ky AAP), (RHO,BBP)

CIMENSION KiKK(14)
INTEGER BLDAT.AAVDK,ERSOQ,STPFN.SLCRD,SURVL.AATEMP.SURF:SURFRV:

1FIRSTL,UPPER,UPPRBV,S1,S5T5RW

REAL KoKAK,LAMBDA,LMAX MHyMLE{MRoMSL 4MSP,MV,MVIMI
LAM3DA = ACTLAM

IF(INTVL.GT.0) WRITEL6,1C00)

IF{1.6T.MBIML) GO TO 20

CO 10 IM=1,MBIMIl

CALL VELGRA(IM)

CO 30 IM=MRIP1,MBOMI

CALL VELGREB(IM]

IF{MBOPLl.GT.MM) GO TO 50

CO 40 IM=MBOP1l.MM

CALL VELGRA({IM)

[IF{SURVL.LE.O) RETURN

WRITE(6,1010C)
kRITE(é.lOZO)(MV(IM)ahNB(IM'l)'HNCRM(IMvl),LAbEL(IMl,WMB(IMtz)v
1 WWCRM(IM,2) ,LABEL(IM),IM=MBIP1,M30M1)

PREPARE ARRAYS FOR PLOT GF VELCCITIES

60

CO 60 IM = MBIPL,MBOMI
I = IM - MBRI

[2 = 1 + MBUML - MBI
XDOWN(IL) = MV(IM]

YAC20S(I) = WMB{IM,1)
YACROS{I2) = wMB(IM,2)
KKK(1) = 0O

KKK{2) = 2

KKK(3) = MEOM1 - MBI

P = 1.

PLCT VELOCITIES

WRITE (641030}

CALL PLOTMY (ADOWN,YACROS,KKK,P)
WRITE (6,1040)

RETURN

1000 FORMAT{LH1/40X,34HVELCCITIES AT INTERIOR MESH POINTS/44X,

1 2TH{BASED OUN FULL WEIGHT FLOW))

1010 FORMAT(LH1/16X,1H#,13X,68HSURFACE VELOCITIES BASED ON MERIDIONAL C

LCMPONENTS - FULL WEIGKT FLOW,30X,1H®/16X, LH® 55X, 1H# 355X, 1H* /16X,y
21H#*,20X, 1SHELADE SURFACE 1,20X,1H#*,20X,15HBLAUE SURFACE 2920Xy lH*/
37X, LHM BX o IH# 42 [ 3XsBHVELCOCITY, 6X ¢ SHW/WCR$33 X, 1HH%) )

1020 FORMAT((1X,Gl3.453H #,2(2613.4,A9,20X,1H*)))
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1030 FORMAT (2HPT,50X,24HBLADE SURFACE VELOCITIES/2HPT 49X, 2TH(BASED ON

1 FULL WEIGHT FLOW))

1040 FORMAT (2HPL,37X,63HVELOCITY (W) VS. MERIDIONAL STREAMLINE DISTANCE
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10

1{M) DOWN THE PAGE/2HPL/2KPL,50X,19H* — BLADE SURFACE 1/2HPL,50%X,19
2H+ - BLADE SURFACE 2)
END

SUBROUTINE VELGRA(IM)
COMMON SRW,ITER,IEND,LER{2)},NER(2}
COMMON /AUKRHD/ A(2500,4)7U(2500),K(?500),RHD(2500)
COMMON /INP/GAM,AR,TIP,RFOIP,NTFL.DMEGA.ORF,BETAI.BETAO,REUFAC,
1 JENTOL'MBI'MBD'MM,NBBI'NBL'NRSP!MR(SO)QRMSP(SO,IBESP(SO)y
2 BLDAT,AANDK,ERSOR-STRFN:SLCRD;INTVL'SURVL
COMMON /CALCON/ACTWT,ACTOMG’ACTLAM’MBIMI'MBIPI1M80MIQMBDP1,MMMI'
HMI.HT,“TLR,DMLR,PITCH,CP'EXPDN,TWW,CPTIP,TGRDG,TBIQTBU,LAMBUA'
TNLvITM[N'ITMAX:NIPﬂIMS(Z):BV(Z’|MV(IOO)tIV(IOI)QITV(100'2)1
TV(100,2),UTDMV(IOO.Z)'BETAV(IOO.Z).MH(lOO.Z).DTDMH(loo,Z).
BETAH(IOO'Z),RMH(10012)yBEH(lOO'Z)yRM(IOO)yﬁE(IOO)QDBDM(IOO),
SAL(100),AAA(100)
COMMON /D2TUMZ2/ D2TDM2(1C0,2)
COMMON /WWCRM/WWCRM{ 100, 2),LABEL{100)
CIMENSION HGRAD(SO’yTHETA(50)1RWCB(50)ICBETA(5O)9A2(50)982(50)
COMMON /SURVEL/ NTB(10092)vNMB(lOOvZ),XDONN(4UU,vYACROS(QOO)
CIMENSION w(2500).BETA(ZbOO),DUUT(?SOO),DUDTT(ZSOO).AAP(ZSOO).
1 EBP{2500)
EQUIVALENCE (A,N).(A(1.2)'BETA).(A(1,3),DUDT),(A(1.4),DUDTT).
1 (Ky AAP), (RKO, BBP)
INTEGER 8LDAT.AANUK,ERSUR,STRFN,SLCRD’SUQVL,AATEMP,SURF.SURFBV,
lF[RST'UppER'UPpRBVQSl!ST!SRH
INTEGER CHOKED
REAL K'KAK’LAMBDA'LMAXIMH'MLE’MR[MSL1MSPQMVOMV[M1
CATA CHOKED/6HCHOKED/

L5, I S R SV LS Y

AORH = 1.

IP = IV(IM)

RGRAD(1) = W(IP)/REDFAC
ITL = 1TV(IM,1)

IT =171

NSP = NBBI+]

Co 10 10

ENTRY VELGRB(IM}

IP = IV(IM)=-]

WGRAD(L) = WMB(IM,1)/REDFAC
NSP = TV(IM+1)-IV(IM)+2

AORB = 2,
CITL = ITVUIM, 1) ,
IT = IT1-1

ANSPM1 = NSP-1

TORSAL = 2.#«ACTOMGERM({IM)I*#SAL{TIM)

TWLMR = 2 ,#ACTOMG#LAMEDA-{ACTOMG*RM{ M) )an2
hCR = SQRTITGROG#TIP={1.-TWLMR/CPTIP}))

CELMAX = WCR/ 10.

TOL=zRC = WCR/ 100.

CO 20 I=1,NSPM1

CBETA(I) = COS(BETA(IP)I/57.295779)
THETA(IL)} = HT#FLOAT{IT)

TETATIEI ER FE
h

TS



20

30
40

50

55
60

65
10

80

A2(1) AAP(IP)

B2{(1) BBP{IP])

IT = 1T+1

IP = IP+1

CBETA(NSP) = CBETA(1l)

A2({NSP)} = A2(1)

B2(NSP) = B2(1)

THETA(NSP) = HT#FLOAT(IT)

IF(AORB.LE.l.)} GO TO 30

CBETA{1) = 1./SQRT(L.+{RMIIM)*DTOMV{IM,1))ew2)

SBETAL = SQRT(1.-CBFTA(1)#%2)%SIGN{1.,DTDMV(IM, 1))

A2(1) = (RM{IM)#CBETA[1))==2#D2TDM2({IM, 1) +SAL{[M)=SBETALl/
CBETA({1)=(1.+CBETA(]1)#%2)

R2(1) = B2({2)+TCRSAL#(1./CBETA(1)-1./CBETA[2))

THETA(1) = TV(IM,1)

CBETA(NSP) = 1./SQRT{1.+(RM{IM)*DTDMV(IM,2))2=2)

SBETAN = SQRT(1.—CBETA{NSP)##2)#SIGN{1.,DTOMV(IM,2))

A2 (NSP) = (KM(IM)*CBFTA(NSP))'*Z*DZTDMZ(IM,Z)*SAL(IN)*SBETAN/
CBETA(NSP)*#{1.+CBETA(NSP)==2)

B2{NSP) = B2 (NSPM1)+TORSAL*{ 1./CBETA(NSP)-1./CBETA(NSPML))

THETA(NSP) = TVI(IM,2)

IND =1

CONTINUE

CO 50 I=2,NSP

WAS = WOGRAD(I-11+(A2(1-1)#WGRAD(I-1)4B2(I-1}1)=(THETA(I)-
THETA{I-1)})

WASS = WORAD(I=1)+(A2( 1) #WAS+B2( 1))« (THETA(I)-THETALI-1)])

WGRAD(I) = (WAS+WASS)/2.

CO 60 I=1,NSP

TTIP = 1.-{WGRAD(I)=%2+TWLMR)/CPTIP

IF(TTIP.GE..O) GO TO 55

WRITE (6,1010) IM

WGRAD{1) = O.

WGRAD(NSP) = 0.

GO 70O 80

RHOT = RHOIP=*TTIP**EXPON

RWCHII) = RHOT+#+WGRAD{I)=CBETA(I)

CALL INTGRL {THETA,RWCB,NSP,AAA)

WTFLES = BE(IM)*RM(IM)=®AAA(NSP)

IF (ABSUACTWT-WTFLES).LE.ACTWT/100000.) GO TO 70

CALL CONTIN (WGRAD (1) yWTFLES y INU, IMy ACTWT, DELMAX, TOLFRC)

IF(IND.LT.6) GO TO 40

IF (IND.EQ.o) GO TO 65

WRITE (6,1020) IM

[F {ADRB.GT.1l.) WGRAD(1) = O.

WGRAD{NSP) = 0.

Go TO 70

LABEL(IM) = CHOKED

CONTINDE

FIRST =1

[F{AORB,GT.l.) FIRST = 2

LAST = NSPMIL

[F(INTVL.GT.O0} WRITE (6,1000) IMy IT1, (WGRAD(I),1=FIRST,LAST)

IF{AURB.LE.1.) RETURN

WMB(IM,1) = WGRAD(1)

WMB(IM,2) = WGRADINSP)

WWCRM{IM, 1) WMB(IM,y 1)/ WCR

WWCRM(TM,2) WMB{IM, 2)/WCR

75



c
c
C

C
C
C

RETURN

1000 FORMAT (5HKIM =413,10X,5HITL =,13/(2X,10G13.4))

1010 FORMAT {73HK A VELDCITY GRADIENT SOLUTION CANNOT BE UBTAINED FOR

1020 FORMAT(92HK A VELOCITY GRADIFNT SOLUTION COULD NOT BE OBTAINED IN

BLCC CALCULATES BLADE THETA CODRDINATE AS A FUNCTION OF M

10

15

INITIAL CALCULATION OF FIRST AND LAST SPLINE POINTS ON BLADE

76

LVERTICAL LINE IM =,13)

150 ITERATIONS FOR VERTICAL LINE IM =,13)
END

BLOCK DATA

COMMON /WWCRM/WWCRM(10042),LABEL(100)
CATA LAREL/100%=6H

END

SUBROUTINE BLCD

COMMON SRW,ITER,IEND,LER(2),NER(2)

COMMON /INP/GAM,AR,TIP,RHOIP,NTFL.UMEGA,ORF.BtTAI,EETAD,REDFAC.
1 DENTOLqMBI'MBOvMM'NBB[oNBL'NRSP'MR(SO).RMSP(SO).BESP(SO).

2 BLDAT, AANDKERSOR s STRFN, SLCRD, INTVL, SURVL

COMMON ICALLUN/ACTNT,ACTCMG.ACTLAM'MBIMI,MEIPl.MBOMI,MBOPI,MMMI,
HMl.HT.DTLR,DMLR,PITCH.CP,EXPON'TNN.CPT[P,TGROG.TBI.TBO.LAMHDA;
TNL.ITMINvITMAX'NIP.IMS(Z),BV(Z),MV(lOO),IV(lOl).!TV(lOOyZ).
TV(100-2)vDTDMV(IOO’Z)gBETAV(lOO,Z),MH(lOO.Zl'DTUMH(IOO'Z)c
BETAH(IOO:Z),RMH(lCO:Z)yBEH(lOO;Z).RM(IOO)yUE(IOO)'DBDM(IOOI.

V0N

SAL{100),AAA(100)

COMMON /GEOMIN/ CHORD(2) ySTGR(2),MLE(2) o THLE(2),RMI(2),RMO(2),
1 RIL2V,RO(2)4BETI(2),BETO{2),NSPI{2),MSP[50,2),THSP(50,2)

COMMON /BLCDCM/ EM{50,2),INIT(2)
COMMON /D2TDM2/ D2TDM2(100,2)
ENTRY BLL(M,THETA,DTCM, INF)

INTEGER BLDAT.AANDKvERSDR.STRFN.SLCRD.SURVL'AATEMP.SURF,F[RST,

1 UPPER,S1,ST,SRW
REAL KyKAK,LAMBDA,LMAX yME,MLE, MR 4 MSL 4MSP , MV, MVIMI
REAL M,MMLE,MSPMM,MMMSP

SURF= 1

SIGN= 1.

GO TG 10

ENTRY BL2(M,THETA,DTOM, INF)
SIRF= 2

SIGN=-1.

INF = 0

IM =1

CO 15 [=MBI,MBG
IF(ABS{MV{I)-M).LE.DMLR) IM=]
ASP= NSPI({SURF)

IF (INIT(SURF}.EQ.13) GO TO 30
INIT{SURF)= 13
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OO0

OO0

AA = BETI{SURF)/57.29577S

AA = SIN(AA)

MSP({1ySURF) = RI(SURF)#(1.—-SIGN#AA)

BB = SQRT(l.—AA#=2)

THSP(1,SURF) = SIGN*#BB#RI(SURF)/RMT(SURF)

BETI(SURF) = AA/BB/RMI(SURF)

AA = BETO(SURF)/57.295779

AA = SINCAA)

MSP(NSP,SURF) = CHORD{SURF)-RO(SURF)#(1.+SIGN*AA)

EB = SORT(l.—AAx%2)

THSP?(NSP, SURF) = STGR (SURF)I+SIGN#BB*RO{ SURF)/RMO(SURF)
BETO(SURF) = AA/BB/RMO{SURF)

CO 20 IA=1,nNSP

MSP{IAySURF)= MSP(IA,SURF)+MLE(SURF)

20 THSP{IA,SURF}= THSP(IA,SURF)+THLE{SURF)

CALL SPLNZZ(MSP(1.SURF)vTHSP(I»SURF)yBETI(SURF),BETO(SURF)'NSPv
1 AAALEM(1,SURF}]

IF(2LDAT.LF.0) GO TO 30

IF (SURF.EGQ.1) WRITE(6,1C00)

WRITE(6,1010) SURF

WRITE (6.,1020) (MSP(IAySURF).THSP(IAoSURF).AAA([A).FM(IA'SURF)-
1 [A=1,NSP)

BLACE COORDINATE CALCULATION

30 KK = 2
IF (M.GT.MSP{L,SURF)) GO TO 50

AT LEAUING EDGE RADIUS

MMLTC= M-MLE{SURF)
IF (MMLE.LT.-DMLR) GO TO 90
MMLE= AMAX1(O0.,MMLE)
THETA= SQRT(MMLE#({2.*RT(SURF)—-MMLE) ) =SIGN
If (THETA.FG.0.) GO TG 40
RMM= RI(SURF)-MMLE
CTDM= RMM/THETA/RMI(ISURF)
THETA = THETA/RMI(SURF)
C2TOM2{IM,SURF) = (—THETA—RMM*DTDM)/(RMI(SURF)*THtTA)**Z
THETA = THETA+THLE(SURF)
RETURN
40 INF=1
CTDM = 1.E10aSIGN
THETA= THLE(SURF)
C2TOM2(IM,SURF) = O.
RETURN

ALONG SPLINE CURVE

50 IF (M LE.MSP(KK,SURF)) GC TO 60
IF (KK.GE.NSP) GO TO 70
KK = KK+1
GO0 10O 50
60 S= MSP(KK,SURF)-MSP{KK-1,SURF)
EMKMl= EM{KKk—-1,SURF)
EMK= EM{KK,SURF)
MSPF¥M= MSP({KK,SURFI-M
NMMSP= M-MSP(KK-1,SURF)
THK= THSP(KK,SURF)/S
THKM1= THSP{KK-1,SURF}/S
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THETA= EMKML=MSPMM=%3/6,/S5 + EMK#MMMSPx23/6./5 + [THK-EMK®S/6.)*
1 MMMSP + (THKML-EMKM1#S5/6,)%MSPMM

CTOM= -EMKM1*MSPMM*=2/2,/S + EMK#MMMSP##2/2./S + THK=THKMI-{EMK-
1 EMKML)=*S/6,

C2TCM2(IM,SURF) = EMKM1#MSPMM/ S+EMK#MMMSP/S
RETURN

AT TRAILING EDGE RADIUS

[aXaNel

70 CMM= CHORD(SURF)+MLE(SURF)~-M
IF {CMM.LT.~-DMLR) GO TO 90
CMM= AMAX1(0.,CMM)
THETA= SQRT{CMM#(2.#RC{SURF)~CMM))*SIGN
IF ITHETA.EQ.0.) GO TC 8¢
RMM= RO{SURF)-CMM
CTOM = —-RMM/THETA/RMD{SURF)
THETA = THETA/RMO{SURF)
C2TDM2(IM,SURF) = (-THETA+RMM*DTDM) / (RMO(SURF) *THETA) s#2
THETA = THETA+STGR{SURF)+THLE [ SURF)
RETURN
80 INF= 1
CTDM = —-1.E10#*SIGN
THETA= THLE(SURF)+STGR{SURF)
C2TOM2 (IM,SURF) = 0.
RETURN
C
C ERRCR RETURN
C
90 WRITE{6,1030) LER{(2),M,SURF
sTap
1000 FORMAT (1H1,13X,33HBLACE DATA AT [NPUT SPLINE POINTS)
1010 FORMAT(1HL,17X,16HBLACE SURFACE,4)
1020 FORMAT (7X .1HM,10X,5HTHETA.10X,1OHDER[VATIVE,5X'10H2ND DERIV. /
1 (4615.5) )

1030 FORMAT ({14HLBLC1 CALL NO.,I3/33H M COORDINATE IS NOT WITHIN BLADE/

14H ™ =4614.6410X,6HSURF =,G1l4.6)
END

FUNCTION IPF(IM,IT)

COMMON /CALCON/ACTHT,ACTCMG,ACTLAM,MBIMl.MB[Pl,MHOMI,M&OPI,MMM[.
HMl.HT-DTLRvDMLR,PITCH.CP'EXPON-TNN'CPTIP.TGRDG'TBI.TBU.LAMHDA.
THL'ITMIN,ITMAX.N!P.IMS(Z).BV(Z),MV(100)1!V(101)'ITV(100.2)-
TV(!OO.Z).DTDMV(IOO.Zl'BETAVllOOvZ).MH(lOO-Z).DTDMH(lOO.Z)v
HETAH(IOO,Z).RMH(100,2).BEH(IOO,Z).RMKIOO),HE(IOO),DBDM(IOO).
SAL{1001),AAA(100)

IPF = IV(IM)+IT-ITV(INM,1)

RETURN '

END

B N e
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Subroutine CONTIN

CONTIN calculates a new estimate for the initial value of W for equation (4). This
is based on satisfying the continuity equation (7). If the input value of w (WTFL) is too
large, there may be no solution of equation (4) satisfying equation (7). In this case, the
choking weight flow will be found.

An initial estimate of the velocity at the lower boundary is furnished by VELGRA,
say W,. The corresponding weight flow w4 is also calculated by VELGRA. CONTIN
furnishes the next estimate W2, by linear interpolation or extrapolation from the origin

(see fig. 16). Subsequent estimates are obtained by linear interpolation or extrapolation

from the two previous estimates (see Wq in fig. 16). This is essentially the method of

false position (regula falsi).

. Solution—_
_~Total weight flow (actual) .

.

Computed total
weight flow—

Total weight flow

/ Wy W3 Wy

Assumed relative velocity on hub

Figure 16. - Method used by subroutine CONTIN to determine relative hub velocity,

If there is choked flow, so that a solution does not exist, information from three
iterations is stored. This information is used to predict the next estimate of W on the
lower boundary such that the weight flow will be a maximum.

The input arguments for CONTIN are as follows:

WA last value of W on lower boundary used in solving eq. (4)

WTFL weight flow calculated by eq. (9) based on the input value of WA

IND controls sequence of calculation in CONTIN; VELGRA sets IND = 1 to
indicate start of velocity-gradient solution for a new vertical mesh line

I value of IM for vertical mesh line

WT input weight flow, w
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DELMAX maximum permitted change in estimated velocity WA per iteration

TOLERC tolerance on velocity for calculating choking weight flow
The output arguments for CONTIN are as follows:

WA value of W on lower boundary to be used in solving eq. (4)

IND used to control next iteration in CONTIN, and to indicate when a choked
flow solution has been found

The internal variables for CONTIN are as follows:

DELTA predicted correction to WA

NCALL number of iterations of CONTIN for a vertical mesh line
SPEED array of values of WA from up to three previous iterations
WEIGHT array of values of WTFL from up to three previous iterations

SUBROUTINE CONTIN (WA WTFL,IND,I,WT,DELMAX,TOLERC)
CIMENSIUN SPEED(3),WEIGHT(3)
NCALL = NCALL + 1
IF (IND.NE.1.AND.NCALL.GT.50) GO TO 400
135 GO 7O (140,150,210,2704370), IND
140 SPEED(1) = WA
WEIGHT (1) = WTFL
CELTA = WT/WTFL*WA-WA
IF{ABS(DELTA).GT.DELMAX) DELTA = SIGN(DELMAX,DELTA)
IF(aTFL.LT.0.) DELTA = DELMAX
WA = DELTA+WA

IND = 2

ANCALL = 1

RETURN
150 TF ((WTFL-WEIGHT(1))/{WA-SPEED(1)}) 180,180,160
160 SPEED(2) = wA

CELTA = (WT-WTFL)/{WTFL-WEIGHT(1))*(WA-SPEED(1})
IF(ABS(DELTA).GT.DELMAX) DELTA = SIGN(DELMAX,DELTA)
WA = DELTA+WA

166 SPEED(L) = SPEFD(2)
WEIGHT(1) = WTFL
RETURN

170 WRITE (6,1000) I,WTFL, 1
IND = &6
RETURN

180 IND = 3
IF (WTFL.GE.WT) GO TN 140
IF (SPEED(1)-wA) 190,2C0,200

190 SPEED(2) = SPEED(1)
SPEED(L) = 2.0#SPEED(1)-WA
SPEED(3) = wA

WEIGHT(2) = WEIGHT(1)
WEIGHT(3) = WTFL
WA = SPEED(!I)
RETURN
200 SPEED(2) = wA
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210

220

230
240
245
250
260
270
280

290
300

310

320

330

340

ise

360

370

380
390

SPEED(3) SPEED(1)
SPEED(1) 2.0#WA-SPEED(1)
WEIGHT(2) = WTFL

WEIGHT(3) = WEIGHTI(1)

wA = SPEED(1)

RETURN

WEIGHT (1) = WIFL

IF (WTFL.GF.WT) GO TO 140

0on

IF (WEIGHT(1)-WEIGHT{2)) 230,380,220

170,

170,

WEIGHT(3) = WEIGHT(2)

WEIGHT(2) = WEIGKTI(L)

SPEED(3) = SPEED(2)

SPEFD{2) = SPEED(1)

SPEED(L1) = 2.0=SPEED(2)-SPEED(3)
WA = SPEED(1)

RETURN
IF{SPEFD(3)-SPEED(1)-TCLERC) 170,
IND = 4

I[F (WEIGHT(3)-WEIGHT(1)} 260,260,250
WA = (SPEED(1)+SPEED(2))/2.0
RETURN

wA = (SPEED(3)+SPEED(2))/2.0
RETURN
[F(SPEFD(3)-SPEED(1)-TCLERC) 170,
IF (WTFL-WEIGHT(2)) 320,350,290
IF {WA-SPEED{2)) 310,300,300
SPELD(1) = SPEED(2)

SPEED(2) = WA

WEIGHT(1) = WEIGHT(2)

WEIGHT(2) = WTFL

GG TO 245

SPEFED(3) = SPEED(2)

SPEED({2) = WA

WEIGHT (3] = WEIGHT(2)

WEIGHT({2) = WTFL

C0 TO 245

IF {WA-SPEEUDI(2)) 340,330,330
WEIGHT(3) = WTFL

SPEFD(3) = wA
CO TO 245

WEIGHT (1) = WTFL

SPEED(L) = WA

GO TO 245

IND = 5

IF (WA-SPEED(Z2)) 380,360,360
SPEED(L) = SPEED(2)

WEIGHT({1) = WEIGHT(2)

SPEFD{2) = (SPEED(1)+SPEED(3))/2.0
WA = SPEEDI{2)

RETURN

IND = 4

WEIGHT(2) = WTFL

WA = (SPEED(1)+SPEED(2)})/2.0
RETURN

IND = 5

WEIGHT (3) = WEIGHT(2)

SPEED(3) = SPEED(2)

SPECD(2) = {SPEED(1)+SPEEDI(3))/2.
WA = SPEEDI(Z2)

RETURN

240

280
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c NO SOLUTION FOUND IN 50 ITERATIONS
400 IND = 7
RETURN
1000 FORMAT(43HLACTWT EXCEEDS CHOKING WEIGHT FLOW FOR IM =,13/
1 22HKCHOKING WEIGHT FLOW =,G15.6,9H FOR IM =513)
ENO

Subroutine INTGRL

INTGRL calculator is the integral of a function passing through a given set of points.
This subroutine is based on the spline curve. INTGRL solves a tridiagonal matrix equa-
tion given in reference 9 to obtain the coefficients for the piecewise cubic polynomial
function giving the spline fit curve. INTGRL is based on the end condition that the
second derivative at either end point is one-half that at the next spline point.

The input variables are as follows:

X array of ordinates
Y array of function values
N integer number of X and Y values given

The output variable is

X(J)
SUM array of values of integral of function, SUM(J) = /; ) Y
X(1
If SRW = 17 in COMMON, input and output data for INTGRL are printed. This is
useful in debugging.

SUBROUTINE INTGRL (X, Y,N,SUM)

INTGRL CALCULATES THE INTEGRAL OF A SPLINE CURVE PASSING THROUGH
A GIVEN SET OF PUINTS

ENC CONDITION - SECOND CERIVATIVE AT EITHER END POINT IS ONE-HALF
THAT AT THE ADJACENT POINT

[aNeRaNeNalal

COMMDN SRW

COMMON /BOX/ Gi50), S8(50), EM(100)
CIMENSTION XIN), Y{N), SUM(N)
INTCGER SRW

SB(L) = -.5

C(l) = 0

NO=hk-1

IF(ND.LT.2) GO TO 20

CO 10 I=2,NU

A = (X{D)=-X(I-1))/6.

C = (X(I+1)-X{I}})/6.

h = 2.#(A+C)-A=SB(I-1)

SB{I) = C/Ww

o= YOI+ D) =Y (I ZUXCI+ =X )~ (YL D) =Y (I=-1) Y/ (X{T)=-X{I-1))
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aEeNaEgEgl

10 GII) = (F-AsG{I-1})/W
20 EM(N) = GIN-1)/{2.+SBIN-1))

CO 20 I=24N
K = N+1-1

30 EM{K)} = GU{K)-SB{K)#EM(K+]1)

SuM(l) =0.0
CO »0 K=2,4N

50 SUM(K) = SUM(K=1)+{X{K)-X{K~-1))= (Y(KI+Y(K-1))/2.0-{X(K}-X(K=-1))

I##3%[EM(K)+EM(K-1))/24.0
IF{SRW.EQ.17) WRITE(6,1000]) No (X{T) o Y{I)ySUMCTISEMIT)I=1sN)
RETURN

1000 FORMAT (17HK NO. OF PGCINTS =13/10X5HX 15X5HY 15X5HSUM

1 13X10H2ND DERIV./(4E20.8))
END

The remaining subroutines are essentially the same as described in reference 1.
The subroutines in TSONIC are not interchangeable with those in TANDEM or TURBLE,
since there are differences in COMMON blocks and some changes in coding. However,
the description of these subroutines in reference 1 still applies, with the exception of
SPLINE and ROOT. In SPLINE the end condition has been changed so that the second
derivative is the same at an end point as at the adjacent point. ROOT has been changed
to find the root by the bisection method instead of by Newton's method. This is less
efficient, but more foolproof.

SUBROUTINE SPLINE {X.YsN.SLOPE,EM)

SPLINE CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS
END CO~DITION - SECOND DERIVATIVES ARE THE SAME AT END POINT AND

AD

10
20

30

40

JACENT POINT

COMMON SRW
COMMON /BOX/ G(100},S$8(1C0)
CIMENSION X(N)+YIN),EMIN),SLOPE(N]

INTEGER SRW

sBti) = -1.0
c(1) = 0
nNO=N-1

[F(ND.LT.2) GO TO 20
CO 10 [=24NO

A {(X{[)=X{I-1)1/6.
C (X{(I+1)-X(I})/6.
W 2.4 (A+C)-A=S8(1-1)
SB{I[) = C/W

F = (Y(I+l)—Y(I))/(X(I+1)-X(I))-(Y(I)-Y(l—l))/(X(I)-X(I-l))
G{I) = (F=A*G(I-1))/W

EM{5) = G{N=1}/{1.4SB(N-1))

CO 30 I=2,N

K = N+l1-1I

EM{K) = G(K)-SBIK}®EM(K+1)

SLOPE(L) = (X(l)—X(Z))/6.*(2.*EM(l)+EM(2))f(Y(2)-Y(1))/(X(Z)-X(l))
CC 40 I=2,N

SLOPE(T) = (X(I)—X(l-l))/6.'(2.*EM(I)+EM(I-1))+(Y(l)-Y(I—l))/
1 (X(D)-x{Ir-11)

IF{SRH.EQ.13) WRITE (6,1000) Ne (XTT)oYUT) o SLOPE(T) sEM(T) 4 I=14N)
RETURN

o on
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1000 FORMAT (2X,15HNU. OF PCINTS =9 13/710Xs 1HX 519Xy LHY 4 19X, SHSLOPE , 15X,

OO0

12HEM/(4G20.8) )
END

SUBROUTINE S5PLN22 (X3 Yy YIP,YNPyN,SLOPE,EM)

SPLAN22 CALCULATES FIRST AND SECCND DERIVATIVES AT SPLINE POINTS
END CUONDITION - DERIVATIVES SPFECIFIED AT END POINTS

10
20

30

40

COMMON SRW

COMMON /BOX/ G(100),SR(100)

CIMENSION XIN) s YIN)EMIN),SLOPEIN)

INTEZGER SRW

SB(l) = .5

Fo= v(2)-Y(11)/(x(2)-x(1))-v1p

ClL) = F#3./(X(2)-X{1))

NO=N~1

IF(NO.LT.2) GU TD 20

CO 10 [=2,ND

A (X(U)=x(1-1))/6.

C {X{I+1)-X(1))/6.

) 2. (A+C)—-A*SB(I-1)

SB(I} = C/w

F = (Y(I#l)-Y(!))/(X(lfl)—X([))—(Y(I)°Y(I-l))/(X(I)—X(I—ll)
ClI) = (F-A#G(I-1))/W

F = YNP={YIN)=Y(N-1))/(X{N)=-X{N-1)})

ho= (XIN)=X(N=-1))/6.%(2.-SB(N~1))

EM(N) = (F={X{N)=X(N-1))*G(N-1)/6.)/W

CO 30 [=2,N

K = N+]-1

EMIK) = GIK)-SBIK)*EM(K+])

SLOPE(Ll) = (X(I)-X(Z))/6.*(2.*EM(1)+EM(2))+(Y(£)—Y(ll)/(X(2)‘X(l))
LO 40 [=2,N

SLCPE(I) = (K(I)—X(I—l))/6.'(2.*EN(I)+EM(I—1))+(Y([)—Y(I-l))/
1 (X(I)=-X{1I-1))

IF(SRW.EQ.18) WRITE (6,1C00) Ne (XTE) 9 YUI)ySLOPE(T)4EM(T)41=1,N)
RETURN

HH n

1000 FORMAT {2X,15HNO. OF POINTS =,IB/IOX.IHX.lQX.lHY,lQX,SHSLUPE.lﬁX,

[nEaNeNaNakel
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12HEM/(46G20.48) )
END

SUBROUTINE SPLINT (X,YsN,Z,MAX,YINT,DYDX)

SPLINT CALCULATES INTERPCLATED POINTS AND DERIVATIVES

FCR A SPLINE CURVE ) - )
ENC CONDITIUN — SECOND CERIVATIVE AT EITHER END POINT IS ONE-HALF

THAT AT THE ADJACENT POINT

COMMON SRW (100
CCMMON /BOX/ G(100),SB , i
CIMENSION X(N)oY{N)oZ{MAKX),YINT{MAX),LYDX(MAX)

CIMENSTON EM{100)

il
I




EQUIVALENCE (SB,EM)
INTEGER SRW
IF{MAX.LE.O) RETURN

IIT = SRW
SB(1) = =.5
G(1) = 0O
NO=N-1

IF{NO.LT.2) GO TO 20
CO 10 I=2.NO

A = (X(I)=-X({I-1))/6.
C = (X{(I+1)=-X(I)}/6.
W = 2.,%#(A+C)—-A=SB(I-1)

SB{I) = C/W
Fo= (Y(I+)=Y(INIZIX(E+)=-XUI )= (Y (D) =Y {I-1) )/ {X{ D) =X(I-1]))
10 G(I) = (F-A=G(I-1))}/VW
20 EMIN) = GIN-1)/(2.+5B(N-1}))
CO 30 I=2,N
K = N+l-1
30 EM(K) = G{K)-SB(K)*EM(K+1)
DO 140 I=1,MAX
K=2
IF(Z(I)-X(1)) 70,60+90
60 YINTII)=Y{1)
SK = X{K)=X(K-1)
GO TO 130
70 IF(ZII)«GE.(loleX(1)-.1%X{2})) GO TO 120
WRITE {6,1000) Z(I)

SRW = 16
GO TO 120
80 K=N

IF{Z{I)LE. {1 12X{N)-.1#X{N-1))) GO TO 120
WRITE (6,1000) Z(1I)
SRW = 16
GO 70 120
90 IF(Z(I)-X(K)) 120,100,110
100 YINT(I)=Y(K]
SK = X{K)=X{K-1}
GO 70 130
110 K=K+1
IF(K-N} 90,90,80
120 CONTINUE
SK = X{K)-X(K-1)
YINT{I) = EM{K-1)#(X(K)-Z{I[))ee3/6./5K +EMIK)#{Z(T)-X(K-1))#=3/6,
1 /SK+#IY(K)/SK —~EM{K)2SK /6.)#(Z(I1)=-X(K=-1))+(Y(K-1)/SK —EM(K-1)
2 #SK/6.)#(X(K)-Z(1))
130 CYDX{I)=—EM(K=1)#(X{K)-Z(1))*%2/2,0/SK +EM{K)»(X(K-1)-Z(I))e=2/2,
1 JSK+(Y(K)-YI{K=1))/SK —-(EMIK)-EM(K-1)}=5K/6.
140 CONTINUE
MXA = MAXO([N,MAX)
IF{SRN.EQ.16) WRITE(651010) NyMAX, {X(I),YU{I),Z(1},YINT{I),DYDX(L),
1 I=1,MXA)
SRW = I1I
RETURN

1000 FORMAT (54H SPLINT USED FOR EXTRAPOLATION. EXTRAPOLATED VALUE =
1G14.6)

1010 FORMAT {2X,21HNO. OF POINTS GIVEN =,13,30H, NU. OF INTERPOLATED PO
1INTS =513/10X,1HX,19Xs1HY, 16X 11HX-INTERPOL.+9Xs 11HY~INTERPOL.,
28X, 14HDYDX-INTERPOL. 7/ (5E20.8))

END
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SUBROUT INE MHURTZ(MV, ITV,BL MBI +MBO, ITO HT,DTLR,KODF,JyMH,DTDMH,

LMRTS)

MHORIZ CALCULATES M COORCIMNATES OF INTCRSECTIONS OF ALL HORIZONTAL
MESH LINES WITH A BLADF SURFACE

KCDE
KGDE

10
20
30

40

0 FOR UPPER BLADE SURFACE
1 FOR LOWER BLADE SURFACE

COMMON SRW.ITER,IEND,LER{2),NER(2)

CIMENSION MV {100),ITV{100),MH(100),DTDMH(100)

INTEGER BLDAT,AANDK,ERSDR.STRFN,SLCRD.SURVL.AA[EMP.SURF,FIRST,
UPPER,S1,5T,SRW

REAL Ky KAKyLAMBODA  LMAX MH,MLE, MRy, MSL,MSP,MV,MVIM1

REAL MVIM

EXTERNAL BL

[F (MBI.GE.MBG) RETURN

[M= MBI

ITIKD= O

IF (ITV(IM+1)-ITV(IM)}-ITIND) 30,40,50

J= J+1

TI= FLOAT(ITV(IM+1)-ITC-ITIND+KODE)=HT

ITIAD= ITIND-1

FVIM = MV(IM)

IF (MRTS.EN.1) MVIM = PVIM+{MVIIM+])-MVIM}/Z1000,

CALL RODT (MVIMyMV(IM+1),T1,BL,DTLR,MHIJ),DTDMH(J))

CO 10O 20

IM= [M+]

MRTS = 0

IF {IM.EQ.M30) RETURN

CC 10 10

J= J+1

TI= FLOAT(ITV(IM)=ITO+ITINC+KODE) #HT

ITIND= ITIND+]

MVIE = MVY{IM)

IF (MRTS.EQ.1) MVIM = MVIM#{MVIIM+1)-MVIM)/1000.

CALL ROOT(MVIM +MVIUINM+1 ) TI ,BLyDTLR,MH(J),DTUMH(J))

CO TO 20

END

SUBROUTINE DENSTY(RHOW RO VEL,TWLMR,CPTIP,EXPUN,RHCIP,GAM, AR, TIP)

DENSTY CALCULATES DENSITY AND VELQCITY FROM THE WEIGHT FLOW PARAMETER
DENSITY TIMES VELOCITY

10

COMMON SRW,ITER, IEND+LER(2),NER(2)

VEL = RHOW/RHOU

IF (VEL.NE.Q.) GO TO 10

RHO = RHOIP

RETURN

TYI? = 1.-(VEL®#2+TWLMR) /CPTIP
IF(TTIP.LT.0.) GO TO 30

TEM? = TTIP#*{FEXPON-1.)

RHOT = RHOIP*TEMP=TTIP

RHOWP = ~VFL##2/GAMaRHOIP/AR®*TEMP/TIP+RHOT
[F(RHOWP.LF.0.) GO TO 30

VELNEW = VEL+{RHOW-RHCT#VEL)/RHOWP
IF(ABS{VEULNEW-VEL)/VELNEW.LT..0001) GO TO 20
VEL = VELNEW

il gl e



Cd 710 10
20 VEL = VELNEwW

RHO = RHOW/VEL

RETURN
30 TGRUG = 2.#GAM#AR/(GAN+]1.)

VEL = SQRT(TGRCG*TIP#(1.-TWLMR/CPTIP))

RHO = RHOIP*{1.~{VEL®#*#2+TWLMR)/CPTIP)#=EXPON

RWMURW = RHUW/RHO/VEL

NER(1) = NER(1)+1

WRITE{6,1000) LER{1)NER(1}sRWMORW

IF(NER(1) .FQ.50) STOP

RETURN

1000 FORMAT{16HLLENSTY CALL NC.,13/9H NER{1l) =,[3/10H RHC#W [S +F7.%,
134H TIMES THE MAXIMUM VALUE FOR RHO#*W)
END

SUBROUTINE ROOT(A,B,Y,FUNCT, TOLERY,X,DFX)

C
C ROOT FINDS A RGQOT FOR (FUNCT MINUS Y) IN THE INTERVAL (A,RB)
c
COMMON SRW,ITER,IEND,LER(2),yNER(2)
INTEGER SRW
IF (SRW.EQ.21) WRITE{6,1C00) A,8,Y,TOLERY
X1 = A
CALL FUNCT{X1,FX1yDFX,INF)
IF(SRH.EQ.21) WRITE({6,1010) X1,FX1.DFX,INF
x2 =B
10 €0 30 [=1,20
X = (X1+X2)/2.
CALL FUNCT(X,FX,DFXs INF)
IF(SRW.EQ.21) WRITE(6,1010) X,FX,DFX, INF
IF({FX1-Y)#{FX-Y).G6Y.C.) GO TO 20
x2 =X
€0 TO 30
20 x1 = X
FX1 = FX
30 CGONTINUE
IF(ABS{Y-FX}.LT.TOLERY) RETURN
WRITE(6,102G) LER(Z2)4A.B,Y
sSTOP
1000 FORMAT (32H1INPUT ARGUMENTS FOR RODT —-- A =Gl3.5,3X,3HB =,613.5,

1 3Xe3HY =,G13.543X,8HTOLERY =,613.5/16X,1HX,17Xy2HFX415X43HDFX,
2 10X+ 3HINF)
1010 FORMAT{8X,4G1l6.592G18.5416)
1020 FCORMAT(14HLROOT CALL NC.,I3/37H ROOT HAS FAILED TO OBTAIN VALID RO
1CT/4H A =4Gl4.6,10X,3HB =9G14.6,10X,3HY =,G14.6)
END

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, June 27, 1969,
720-03-00-66-22.
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APPENDIX A

DERIVATION OF VELOCITY-GRADIENT EQUATION

The velocity-gradient equation is an expression of the force equation. By a balance
of force in the 6-direction, the following equation can be obtained:

2
W_ 1 d(rVe) 1 d(rWG + wr”) (A1)
8 W dt W dt

The time derivative indicates the change in the quantity for a moving particle as a func-
tion of time. Equation (Al) is a special case of equation (B10) of reference 11. We

make use of the following relations (see fig. 1):

W9=WsinB
Wm=WcosB
Wr=Wmsina

WZ =Wm CcoSs ¢

i‘ﬂ:WQ.a‘_’V_ +wmiv_v
dt rof m
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We can perform the indicated differentiation of the right side of equation (A1) by
using the preceding relations, and then solve for 9W/26 (which appears on both sides
of the equation) to obtain

ﬂ:W_r_%+sinatanﬁ>+rtanﬁﬂ+2wrSina (A2)
00 cos B dS om cos B

We desire now to evaluate dg/dS in terms of first and second derivatives of 6
with respect to m along streamlines. The following relations hold for streamlines:

tan g = X949 (A3)
dm
rdu
w.
tan g =2 - . 0m (A4)
W,
20

Equation (A4) is obtained by using equations (2) and (3). Also along streamlines we have

am _ o8 B (A5)
ds
dr _sina (A6)
dm

Now differentiate equation (A3) and use equations (A5) and (A6) to obtain

2 s . 2
-d—ﬁ=rcos33d9 +Sin o sin 8 cos™ 8 (A7)
ds dmz r

Along the surface of the blade d26/dm? can be easily calculated since § is given
explicitly as a function of m. However, in the passage d2 E)/dm2 is given indirectly
by the stream function. Hence, we will need an expression for d29/dm2 in terms of the
partial derivatives of the stream function. First, from equations (A3) and (A4) we have

du
d9 __am (48)
dm du

26
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By differentiating equation (A8) we obtain

p2u u _Pu (@)2 Pu <ﬂ)2é
420 =_8(_0£>+i(ﬁ>d_9= 20 dm 99 em \6/ , 2 \om/ .2 49)
dm2 om \dm 06 \dm/ dm (@)3
00
Finally, by using the fact (from eqs. (A3) and (A8)) that
rcos g _ _sing
Er ™
06 om
we can obtain
_ 5]
2 2 d% 2 lbaoom a8 2%y 062
r” cos” p—— =sin” g |2 - - (A10)
dm? v ( ou )2 im2 M
| om am 8(9_J

By using equations (A7) and (A10), equation (A2) can be put in the following form:

W AW +B (A11)
26
where
2 2. d% 2
A =r” cos® B—— +sin @ tan g(1 + cos” p) (Al12a)
dm2
is used on blade surface,
_ 5]
A = sin? Bl2 3 om __ 39 07w _ 907}, sin « tan B(1 + cos? B) (Al2b)
Qu (au)?‘ am? W
5 P a0
o om _J

90




is used at interior points, and

B=rtanﬁivz+2wrsma
om cos 3

Equations (A11) to (A13) are in the form used in the program.

(A13)
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APPENDIX B

DEFINING REDUCED WEIGHT FLOW PROBLEM

Since the final solution obtained by the velocity-gradient equation depends on the
stream-function solution obtained with a reduced weight flow, it is important to establish
the conditions which will give the most suitable stream-function solution. To accomplish
this, the streamlines at the reduced weight flow should correspond in shape as closely
as possible to those for the actual weight flow. Some of the factors affecting this corre-
spondence are discussed in the following paragraphs.

The first condition is that equation (1) should not be changed. This condition is
satisfied if the ratio w/w is not changed. Therefore, w is reduced in the same ratio
as w, for the reduced weight flow solution. With this condition satisfied, there would
be no change at all in the stream function, if the flow were incompressible. With com-
pressible flow, the stream-function solution will change since the coefficients in equa-
tion (1) are functions of the density p, which in turn is a function of the relative velocity
W. The relative velocity naturally will be lower if the weight flow is reduced.

Another consideration is the boundary conditions at the upstream and downstream
boundaries, AH and DE (see fig. 4). We could use the same boundary condition as for
the full weight flow. However, this is not the best approximation. The reason for
this is that the input information is the mean value of Ble and Bt e at BG and CF,
respectively, instead of AH and DE. And we want to obtain a streamline pattern sat-
isfying the input condition, but at a reduced weight flow. So the entire calculation of
B;, and Bout for the stream-function solution is based on the reduced weight flow
condition. Notice, also, that the calculation of Bin and Bout requires a value of
prerotation A, which in turn depends on w and w. Hence, a value of A based on
the reduced weight flow is also calculated. The method of calculating XA and Bin and
Bout is described in appendix B of reference 1.

We can summarize the quantities which must be calculated based on the reduced
weight flow. They are w, w, A, Bin’ and Bout- These quantities, based on the reduced
weight flow, are used for calculating the reduced weight flow solution. Values of w, w,
and A based on the actual weight flow are also calculated for later use in the velocity-
gradient equations.
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10.

11.

NASA-Langley, 1969 — 1 E- 5046

REFERENCES

. Katsanis, Theodore; and McNally, William D.: FORTRAN Program for Calculating

Velocities and Streamlines on a Blade-to-Blade Stream Surface of a Tandem Blade
Turbomachine. NASA TN D-5044, 1969.

Katsanis, Theodore; and Dellner, Lois T.: A Quasi-Three-Dimensional Method for
Calculating Blade Surface Velocities for an Axial Flow Turbine Blade. NASA TM
X-1394, 1967.

Katsanis, Theodore; and McNally, William D.: Revised FORTRAN Program for
Calculating Velocities and Streamlines on a Blade-to-Blade Stream Surface of a
Turbomachine. NASA TM X-1764, 1969.

. Shapiro, Ascher H.: The Dynamics and Thermodynamics of Compressible Fluid

Flow. Vol. I. The Ronald Press Co., 1953.

. Bers, Lipman.: Mathematical Aspects of Subsonic and Transonic Gas Dynamics.

John Wiley & Sons, Inc., 1958.

. Whitney, Warren J.; Szanca, Edward M. ; Moffitt, Thomas P.; and Monroe, Daniel

E.: Cold-Air Investigation of a Turbine for High-Temperature-Engine Application.
I. Turbine Design and Overall Stator Performance. NASA TN D-3751, 1967.

Katsanis, Theodore: Computer Program for Calculating Velocities and Streamlines
on a Blade-to-Blade Stream Surface of a Turbomachine. NASA TN D-4525, 1968.

Mechtly, E. A.: The International System of Units. Physical Constants and Conver-
sion Factors. NASA SP-7012, 1964.

. Walsh, J. L.; Ahlberg, J. H.; and Nilson, E. N.: Best Approximation Properties

of the Spline Fit. J. Math. Mech., vol. 11, no. 2, 1962, pp. 225-234.
t

Hildebrand, F. B.: Introduction to Numerical Analysis. McGraw-Hill Book Co.,
Inc., 1956.

Katsanis, Theodore: Use of Arbitrary Quasi-Orthogonals for Calculating Flow Dis-
tribution in the Meridional Plane of a Turbomachine. NASA TN D-2546, 1964.

93






